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(d/) [WS3 

[«*¥S3 MTV ( a ) Xli ( b ) <7)^T+ F£n 

(a) ffi^j#^-iiB«^r$yKS^*^^€)^r^ 

( b ) rnrn-^ i i£»^r s sm&tiz&^x 1 l < 



(2) 

1 

[M*3B 1 ] WT^ ( a ) Xli ( b ) ^Tf- F£r? 

( a ) EM** 1 IdK^T c yKEM^£*^rf- 
F . 

( b ) EM** i imcor $ yBEMtiS^T 1 1 L < 

#n^y-( F<oWffi£. 
[ff#«3] »ft#Candida uti lisTJ>-S>ifl*3l2lS 
tt<D#n^y-f F^S&£. 

[fS*«5] ^n^y-f F^J&fifii^ »#Cand 
ida utilis(;WAL»5$*&^fcS:Wiai:f 4. *n 20 

[ l»*JS 8 ] If * « 1 KEIfc^agTfc ± ^ n f - y 
CM*3S9] Candida utiIisr*>5M*3181B«^» 30 

[000 1 ] 

m-t. 

[0002] 

[&#?>&*&] ^o^-y-f F (carotenoid. ^Dfy^f 

*S. tt6W8OT<s9*n*y>T FtfJMt? 

ilTV*& (Pfander, H. , ed., Key to Carotenoids. Ba 
sel, Birkhauser. 1987) . iju+J<t F<0*T'L, «r 

tc, r^^-fyf-y. 'Jn^y, j9-#o^yfi. * 

•*vk 169 . 90-94, 19%) . 

[00 0 3] iju^J* Fli. Xfn-;k F'Jn- 50 
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;k *y>. &tf*<offi<7>f vri^ Ft 

^yyfVL^/l^U^-CoA ( HMG-CoA ) ii. HKi-CoAU?' 

*^A'n>K^g^i vri^y-r ft**c 5 
tfM 7^> f-^tn 'j y& ( ipp) *«-&flE?n-6 . ipp 
{iRtt^tRjCHiO^^r'j/nrotjyR (dmap 
P) DMAPPii. G><7)IPP£:PB&. «g 

-&f fc^fcicJ: 0, Cio^y^-^enyyK (gpp) , 
Ci5^7r/P^v;uen»;yK (FPP) . C2oW7x;u 
y^-^tn'jyK (GGPP) k^-J^oC^ &*&£5 
o^o©fLT^< (HI #88) . 
[0 0 04] ^nf-y>f FC#R^ffe£flBBIK;L GG 

2iH L OGGPP3Wi^LT, SflJ^n^y-f F 
t*6*ft^)7/ Fxy (phytoene) W&&$tl&. 7 

* Fx>(i. ^ttwftaacio. ark* -w&^tfm 

XZtlh^tltZj:*). 7 1 F7/Pxy (phytofluene ; 
7 * FxyfcZSfi^Ui) , r-^n^-y ( £-caroten 
e ; ~IH£cq2{il) „ y A OXtKU > ( neurosporene ; Z 
S^fi) . 'j ( lycopene ; -M&MM) tZ% 

■f-y ( 0 -carotene) -^ot-^n^y (« -carotene ) (I 

^yF£££^A£i-U -fefT^y^y (zeaxanth 
in) , i\rr4V (lutein) . TX^^yfy (astaxa 
nthin) ft**? > h 7 >f )\stf&&LZtlh . 

[0005 ] ^n^-y-f F<D£^ft£iH9jI^ 

nf-y-f K4-&fiBie^tf. (epiphytic) « 

SErwinia ^FvF. vy^rfc'fiOffiftSrte^i: L 

T. Tt^fiSt^SRhodobacter, 7 yaSynechococcus PCC 
7942. # t'Neurospora crassa^cif, S^COi^^H 
K^ii, ^ix^m&t^tHz^titz (HtRAg. S 

41. 337-346. 19%) . 
[0 0 06] «[^«^lfflffiErwiniai7)^nf-y>f Fi^ 
^8^?8li. mzmwfflBftb LT 7 >r Fx 

y N »jn^y. &-tiu+>\ *£T*~*?->1->%:t'<7>% 

fc^T'SS (H2#ffl) (ZlRUff. jfi^U^UTIK 

«s*ifc*o-f y>r F^^gB. m&mzmm, 4 

1,337-346. 19%) . 

[0007] Ztlh<7)J3V+J A F±^^te^^ffll> 



3 

y^rtoj y^xy^TU >-^oSB3-2. AB8S- 
8tWC«k*#nT>M 35. 60-6 

8. 1997. ht.v. ^vrw-r F££«* 

^BilMBr*. 22-32. 1997) . 

[0008] mta. ?m*t>0-*v*>cr>$L$mz& 

»=5:4 0<7)crt Hg^Ti^crtE.crtB. crtl, crtY£ 

(B2«H) . 4fc. 
^^y^y£&£^&i^^lSAgrot)acteriu« aurantia 
cum frhftt>iXtz1l**/4 K±£fiBB^R*Erwini 

tij:0. ^i^tC n^^rtv 

txtziiv+jA Y^metk, s^mmm. 41. 33 

7-346, 19%. Mf. Misawa. N. , Satoii, Y., Kondo, 
K. , Yokoyana, A., Kajiwara, 5., Saito, T., Ohtaiii, 
T. , Miki, W. Structure and functional analysis o 
f a marine bacterial carotenoid biosynthesis gene 
cluster and astaxanthin bi ©synthetic pathway propo 
sed at the gene level. J. Bacteriol., 177, 6575-6 
584. 1995) . 

[0 0 0 9] LfrLKifit*. St^I^WKAfci-^T 

CifcBS^O^Ocrt ag^. crt£. crtB. crtl. crtY£ 
P^rSaccharomyces cerevisiae£*AU %M£-£X 

i>. *<o#m±. bi'M.ott (ioo izg/g <d 

^-im^ytt^EMLtct^tz (Yaraano, S. f Ishii. 
T., Nakagawa, M. , Ikenaga, H. , Misawa, N., Metabol 
ic engineering for production of /3 -caroteneand ly 
copene in Saccharomyces cerevisiae. Biosci. Biote 
ch. Biochea.. 58. 1112-1114. 1994. Mf. Ausich, 
R. L. , Brinkhaus. F. L.. Mukharji, L.Proffitt, J. 
H. . Yarger, J. G. , Yen. H.-C. B. , Biosynthesis of 
carotenoids in genetically engineered hosts. Pat 
ent application. PCT WO/91/13078. 1991) . Ztl\±. 

yx? **ry+ytfzi±/3-$v*y £0.05% (500 ug 

/OZSM) ±&-f £8#Phaffia rhtxtozyia^SeaSEH 
fthJt^TL, i^O^TV^ (Girard. P.. Falcon 
nier, B. , Bricout. J., Vladescu. B. , Appl. Microbi 
ol. Biotechnol., 41, 183-191, 1994) . 

[ooio] TAf^y+y^B-tiv+y 
^&mmtixm^e>tii>zbt:2*t&k* 
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[00 11] ft*, 1fffl^n*y>f F<7>«&*£«£fT 

tzt t^mtLxm^x t>^&tf&mztix^ 

ZXoZmtm*. fiv^JA Y±m<7)tz&b<7)m±tl 
10 T2U^i:£ftrtT'£&. 

[00 12] L^ot, ^n^/>f F±£jSate^0 

[00 13] 

20 f-y>f Hi-frfiBte^2ra±t*ALtXrof-y>f 

mz&imi!>&mzBz>±o%. ymfrnv+j* f 

[0014] 

[«H£*lft*4fcJ6^H] *»!H#£>ii. -LiEStH 
«:J»«"r^<«SW5S^fiia^e*. (1) *ffl#n^y 

ffl»ftt'*l>CandidautiIis ( h;l/7Sf) 
30 St^ftt LTatR-rS^fc. (2) *3tHMG-CoAU^ 

U *5MJ£^«T4l;:Ho*:. 

[0015] tttot. #«5ftL £TF?> ( a ) Xli 

(b) ^rf-KSrn-Kf&itfi? : 

( a ) e^i#-^ i imnT^mmw^tch^r* 

F* 

40 (b) E^I*-^llSac7)T5ySffi?iJtCfcv^Tl t,L< 

[0016] ±IfioiS&^^^n^y-f 
H±*ftjteTfci:t>tc»«C«AL. BW««:«*t 

^nf-y-f K^fiBtG^FS:. P^Candida utilise 
ALWSS-ttfc^fcSrWak-r*, *n*y-TKcottS 

50 sfet*3t. iJeoafe^^itx 
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[00 17] 

1 . #o^y>f K*S^>fctf>tf>*H 
(1) »±RfcMh<oWl 

LT. Aft ■ flf4J?l##T'££ Candida ut 
ills ( hiUy»m) Srttffl-f C. utilise #HMfe 
iftESKifiiB (FDA) CCiO. S. cerevisiae. Kluyverony 

tt (GRAS) B£#T'*>9. 3R3u B*Tt±. EXifir JtA 

V^S. C. utilisWL S. cerevisiae[pI«tC, 

=6:*&tSX*SI8«'C1tJlT'S&3& ? , S. cerevisiae£:& 

[0 0 1 8] ^nf-y-f F££i&ft&F£C. utilise 

(Hi. Mt«fWT<7)J:3t:LTS3ii:3&«T'*-6. Erwi 
niauredovora<7)'J n^y-&Bgtifi3K:itft : F"C*>&crt 
E, crtB. crtlS:, filfilC. uti lisfefcc^'J-fc/I/T 
;kft F-3 'J y»JR**i!* (gap). *x*^»j-fc^ 

S*T—t= (PGKL r^XvKATPase (PMA)5S^jF^r 

fcLrtrr^XS K£flB6U I^mU'R utili 
s IFO 0988#O 'J^/-A^yA7f?; 3- FTSU1 

»{^»ffirt«f at* . ^^Mtt^-^-jfi^ 

^CJK (Kondo, K. . Saito, T., Kajiwara, S. , Takagi, 
M. , Misawa, N., A transf or nation system for the ye 
ast Candida uti lis: Use of a nodified endogenous r 
ibosonal protein gene as a drug-resistant Barker a 
nd r ibosonal DNA as an integration target for vect 
or DNA. J. Bacteriol., 177 , 7171-7177, 1995) tdj: 

[00 19] (2) ^Df7>fK4^^3Ky 

^^Pit^ffSErwinia uredovoraCOcrtE, crtB, crtl, crt 
Yjfig^-io^lXrft^lfflSAgrobacteriua aurantiacuii^ 
^)crtZ , crtmfc^COWm&FFnH- 6 itft^tCO I \T 

[00 2 0] i1\ ±ie6ae^^TtCO^TC. uti 
lis£*cOGAP«&fc{^0:J FVttffl»SEt##£££ 

-KTSTSyttEflt^^Stfi^fcfrC 

Wfior = y K£ =?- Kf * 3 f y<o«*w£s:fl:s 
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tlh fcjtf MJ7h7ry£l*lrtf:187$ 

yRCo^r, -r/^n-FT&nFy^c. utilise 
[00 2 1 ] fif^^^^iiWT^StcJ: 9*r? 1 

10 ^^C*^50-300 bpfc § b & J: 3 £«*E#l<OR 

2 #O5(K100fflHI*7) l y rf j? UT-f- F£ 
#£T'-£j£U £ix£«SfcT* lEBWCI^Sff 
v\ 2#*k9*^>b££j«T*. J:OftfkWWi, 
*: 03tl8K0«:SL?tJ:-5(^ 110 bp02* 

St LT. a^W^mcJ: 0 1 0acOPCRRJ65:fir3 
20 Chicks §«^2*»NA**»<>*1$. #3 
10 bp^2*«DNAfc£jST&%&, JbifcOJ: oCLTtl 
&ilfc2*«)NA. i>±t/. 60ffi»0 2*39* 11:7*? 
U:fr?-F2fc2C£JHVvc\ 2BgC0PCRKJES:fT3. ftft 

^^2®@cOPCRTl#^iX^23tc^DNA. fcjztf. 60 
Jg*^2*^3fiJ^^U^FlfclCSrffl^T. 31U 
BcoPCRRiESrfrVv «»W(3SWi:TS 2*«DNAS:W 

Srfc, ^C0ft^^C^$il^2*^DNA^^ 

30 3Sffl^#JIR»«^«fflm»I, $^(=2 bpSJK*4r 

[0022] (3) #n^y >f H*Sco*i*(C*ffl^a 

**H^fc(t&. *nf-y>f Ki*ofl«tc*ffl«:ae 
fli. tlTcO (a) Xii (b) C0^rf-F$:3-FTS 

( a ) ew*# lienor 5 y»E?'J/p^ 3 Sr&^^ 

F. 

( b ) e^j#-^ i taa^r ^ swbb&iic&^t i t l < 
40 «i»«cor5y»*«ttln, J3fet»L<(iJB« Sixers 

yKE^^^O. HMG-CoA wr?5>~te'«ttS:1rt-* 
^rf-F-C*&. ^^c, *3WB(c*J(t*. ^nf-y>f F 
^S^tifttw^rffl^afi^iiE^JS^ 2 LfcSSE 

m-rtX U ^rf - F $: 3 - FT h $r t> fi^T 

[0023] IJSie^F SJWITS-o^att, 

50 3^tt#iilif. C^t*-&fiE&J:Ot>»#Candida 
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uti 1 is^ri: <r>«fiffe*DNAi 3tiicDNA7>f 7 7 'J 
■TfEHU ^^r^-^afi^X^WT' 

[00 24] 4"**, Candida uti lis IPO 0 

988^S^*DNA*PIKU S. cerevisiae<7) 2IHfc7)HMG 
-CoA \sy9 9—t£<nT4 s / J f42* (Haglp, H«g2p) CO 
•3 *><0-OT'J> h HaglP^T 5 J WB\ LTPCR 
fflT^-?-£-£j£U v!^*fefettDNA£$&5!£; LTPCR 
SffV*. S. cerevisiae^HMGia£^ffll^tt^&&DM 
Br*£$tftT£. C!ODNAK>t£rn-72:L 
*a(CL^3&^TfH!S<t^:Candida uti lis IFO 0 
988<0&feftDNA7 -fT^'J-^X? 'J-^>/-f 
tii:0. ft&Wlc. E?'j*^4C:^\ £ft<OC. utili 

sohmg-coa vypf— t'ae^srRftrss, <r?>. 

C. utilis^HMG-CoAUr^^-^^N^ffl^JKJtjlfS 

[00 2 5] 2 . KWMBMi J:t/jtgi^31 
BS^fl^fi^SIAfc J: JBK<Ofctf><0#J«$: v > 

TftfLtf^^t i<. Wifcf, "Vectors forcloning 
genes", Methods in Enzynology. 216, p. 469-631, 199 
2, Acade mic Press, t^Xlf. "Other bacterial sy 
stems". Methods in Enzynology, 204, p. 305-636, 199 
1, Academic Press £J£ fcTgOfrftltf «fc V\ 

[ 0 0 2 6 3 BSSaccharomyces cerevisiae^O^h^aS 

ZtLZm^XftUfX^ {tit 18. iKlUtt- 
KH^W^y^xh 'J r Stf^)-a-A' 

<^l*Se?<7>3S£{i. PGK ^GAP(GPD)^C7)7"n^-^ 

Jg^-tr*yh£, S. cerevisiaeO^?^-, Y 
Rp^ (S^^fe*coARSE^J^^?^i:^i)»#fflv 
/Pf-3e-^f-) . YE P ^ 2 u* DNAcoaS 

ie.SSr»oB^fflv;I^r7e-^^^-) , Y1 P ^ (gp 

Tt^afi^I^J WlMMFFL fcitf. Yamano, S. , 
Ishii, T., Nakagawa, M. , lkenaga, H. , Misawa, N. 
Metabolic engineering for production of & -carotene 
and lycopene in Saccharoiyces cerevisiae". Biosc 
i. Biotech. Biochem. , 58, 1112-1114. 1994^*$) . 
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[0027] gfftCandida uti 1 i s^<^^fr??)# A 

(iSB. EiR. KIEL ^153^8-173170 ) KflSoTiarC 
S*. IPjCliy^^y: KHttae^P, G418H 

ttafc^. A^ir^^^^n^^^iBttae^iriro 
awjifttT«*-ae^s*^ir7X5 H*a»*t 

&fc±lzm*&tsZ. t tfX"£ h . ^rfca&ftftfBBKHi 
R^tcieK^^GAP.rcK.PMA^^corn^-^-^ 
10 fl^-tl»«It^T#&. 

[0028] PftPhaff ia rhodozyna^^Mfeae^ 
#Affi£Otvt<i, Van OoyenfeKJO. BJSSilfc* 
a (Transfornation of Phaffia rhodozyia W094/06918 

Van Ooyen et al 1994) lz£*). G418Wffifi^^i: 
cDSiRv-^-aft^-S-trT 7 x a KSr'J Aj££ 

[0029] ##Candida tropical is'Wtft-Sfeaf^PcO 
*Ali, «FBB¥45O5557t:«t0BB*Sii^^'C, i 
fc, Yarrowia lipolytica^>fl^^O»A«i, Wf 
20 BHHB, 60199386, *5fPJB361 21087. «BHK63164889*if 

[00 30] (2) tci3^T±^«Six/;^nf-y>f 

^af^^?Sic. utiiisKSA-t^fcKi^ 

[003 1 ] («J3^04I) (2)r^L7^crtE, c 
rtB, crtiafe^^^il^iX. C. util isfcfcOGAP, PI 
4,PGKaf^^7*n^-^-J:GAP, PMA, PGK aG^ 
30 9-^**-5-m\\<n^ZfyA,X\ i/;oMySHi 
1&4iaeT2:3BffJiHttv-*-aeTfcLT. C. util 
is IFO 0988tt^'J^V-ADNA»(artC»ATr&. 
=Sr^, P14^ru^-^-ffi^iJ(j:. ^T'^ffl^^ii^ 
tr^lffl* (WBB¥8-173170) ^E»StlTi^. 

*»^>ii>t:c. utiiis?BOT£8i^(i. mmzzRhtzo 

aStt&lfr^iliOftl . 5«T*S. 
[0 03 2] (iS-^nf-yO^*) (2)T^BEL)tcrt 
E. crtK crtB, crtYa^^r. GAP. PGK util i 
40 s**tf0P14fe<ttf P57rn^-^-e^iJ (^^¥8-1731 
70#S3) GAP, PGK, PMA^-^-^-E^JcOEl 
(c>eii^ix^T\ ^^o^3f> a F»t£L4ia£7-£ 
v-^Htfi^fcU^^^SKSrfllRL, C. utilise 
'J #7 -A D N ASfflfiKSAf * . 
[003 3] (TAfWs+yt&M) (2) 

crtB, crtY. crtwaf^^r P14. PGK, GAPOm^ 
— *-EMfc. PMA, PGK. GAPO^- = ^-^-E^ 
HC^W^T'> ^o^y-S HB^iae^S: 
V-^-af^-i: Kt, crtE, crtl. crtZ 

50 a&T^GAP, PGK, P14£7)rn^e-^-E^]i: GAP, PG 
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K. mf-**-f--EM0)lSlz*tL?ti1SU,X'is7a 

>UFSr. PMCC. utilis<7)L4ia^Jl(C#Af -6 
(co-transfomation) . 

[0034] fefmtTo^^:^)^-^of>^I 
ft £o ^ ti((9Mttl>fc 0 B -ti n f- yo . 079% . T x 

%?t>r>tz. T*?**ry^>£MMX'\±, n^M^t 
*f S»^Phaffia rhodozyaaCOSRJHISrff "3 W^O* 
(0.02-0.032) iOS^FSv^ 4fc. *fiSU»#i;:ft 

[00 3 5] 4*:. (3) C. utilisi 

#«AP3t&Ftf)ro*-*--i: 5 *-*-E?!l<0 

-^-iBfi^fcLT, 'J3^y^M±-r^C. utilise 

C. utilis»Sre»*^'J3^>'4±»«±2SaE51€^FS' 
£AlT&ift^S^4fgfc&&. tZhtf. C. utilis 

>j3^y£M£T6C. utilis ^jn^fleOUtfV-i* 
DNA»fflt*AL»RS-t«:t^"C«i. y^>^4i 

[0036] 3 . &£!fo<^rf£ 

y££M^£Candida utilisti. ^fl-?flX«ft«IS±: 

[00 37] ( i ) JM109 (pChGRH) 
SFffiS^r : FERM BP-5837 

(ii) 0988 (pChGRH, P aRlEBI-3) ( U 3^>**Candi 
da utilis) 

Sl£## : FERM BP-5838 
Sffi^JIB :¥^9^2^25B 

( i i i ) 0988 (pCLBWYI, pCLEIZl) (T^9^y^yM 
^Candida utilis) 

Sifc*-^ : FERM BP-5839 
5f£^J!B : ¥j£9^2£25H 
[00 38] 

ii. ftKt&SilT^V^li. «$W£2r£ (Sanb 
rook, J.. Fritsch, E. F. ,Maniatis, T, , "Molecular 
cloning -A laboratory »nual." Cold Spring Harbor 
Laboratory Press. 1989) (CS^l^TV^. 
[00 3 9] C»fcMl) V3^y±JmTyZ$ F 
P CLEBI13-2?)f£S 

(1) crtE, crtB. crtlitffF^-rv 'J — V ^7 
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1 0 

fflftSSISMErwinia uredovoraCOcrtE , crtB, &£>\ c 

n I fcGTco:*- r y >; - r * y ^ 7 u - a % a - f* 

S^il-pfl<7)DNABrW±. 7*7X5 K PCRA16 (Misawa, 
N. et aL, J. Bacterid . ,172. 6704-6712, 1990) 

y A»£> 1 SStt S A/C 3 ' MCBgl 1 1 tm&& Sr mot & 

fc*itW<7>HMBBT*-5:. XbalfcBglllTflWtfiL Xbal- 
BglUBrfri: LTy/^^EHRSrffost. crtEKo^T 
iicrtES crtEASrfflWC* crtBtCOVvriicrtBStcrt 
BASrfflWC, crtHlOV^iicrtIShcrtIA^fflOT*B 

[004 0] 

crt£S 5'-GGT CTA GAA ATG ACG GTC TGC GCA AAA -3' 
crtEA 5' -CCA GAT CTC TTA ACT GAC GGC AGC GAG -3' 
20 crtBS 5'-GGT CTA GAT ATG AAT AAT CCG TCG TTA -3" 
crtBA 5* -CCA GAT CTG CTA GAG CGG GCG CTG CCA -3' 
crtIS 5'-GGT CTA GAC ATG AAA CCA ACT ACG GTA -3' 
crtIA 5' -CCA GAT CTT TCA AAT CAG ATC CTC CAG -3* 
[004 1 ] (2) &&fi*mi**>vh<7)ftm 

© crtE mx^mti't v FOftS 

Candida utilis^^'J-fe^T^rt H-3 U yBSR** 

mm (gap) ag^ro*-*-. *-5*-*hst 

■ Lfcltif (W0/95/32289^) ) S:«ffifc LTPCRffiKJ: 
30 9 TOIL*:, m-^-i: LTIi. mikn Fy4>±» 
-976A^B8«rn F>'iEHy-14T'0974 bp<7)DNABr>V 
(MttaKyASr+lfc-tS) WXTOTH v-S:ffl^ 
TttWLfc. 
[0042] 

5' -agcggccgctagcttacagcgagcactcaaatctgccc-3' 
5'-gggatcctctagatatgttgtttgtaagtgtgttttgtatc-3' 

,1*1^54 v-fcfcivcii, 5'«*ffitCNotI|fP{5 

3 'BIORJ#j3 F yiTfrtzXbal ^BamHI^ffl^^^ 
ft£J;3l;:Tl?M yL£. LTi±. ** 

40 jhr? F ycOiSa+10063&^+17284 rwZSbp^DNABrfrS: 
litT^or 9 >f Srffl PCRffitc J: 0 TO# t . 
[0043] 

5' -ggggatccattgtatgacttttatttatgg-3' 
5' -ccctgcagggataaagctgaagaataat-3* 
Z.tihTv4-?-\zto\\X\±. 5'(B^itrJFyaa 
tCBanHI^fi*\ 3 '(fflCPstlSfi^^^il^ J: 5 t:f 

[0044] W^lut2o<30ig«BrM-(i. TA^n-- 
>^ 7 h (Invitrogentt) SrflB^TpT7Blue(w^n— 

50 -y^Uc *LT, ^tit>2mmm%*. Ztl? 
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*U NotI-BamHl8Jr)V, Barfl-PstlBrfrhLT. 
£#*LfcSL pBluescript SK-^ONotl fcPstlHKcWA 
LT, KpGAPPT10£l»*l,fc. S^tC. pGAPPT 

lOcOXbal-BaaHlSfffltC, ffTifi LJtcrtE3t£*S:1r1"*Xb 
aI-BglII»r*£»AU r^XS KpGAPESrfWL*:. 

GAPTn^e-^ crtEjfi£^-GAP?-a*- 

?-5r-£fr2.65 kbCONotl-Pstl DNABrfrSy^*^EIJR 

[004 5]© crtmfcTfmt-tYbtOim 
*fttymt>J)mz&&Uzft¥t <WV 95/32289^-) £E 
tt§iv:^S77X5 KpPGKFMSrfflu, -^Tn^- 
?-f*Kc£4fi&SphIS{4 (BtRGStoSJ: 0830b P ± 
SE) ^KlenowBffrTfilMnL/itt, Sse8387I ( CCTGCAG 
G ) U>^-£#AU r7*SFpPGKPT6£fWU:, 
BU^L^crtBite : F$r^'r^XbaI-BgiIlBr>T-$:. 
P PGKPT6^XbaI-BairfilSP{a(r»At-^^tt*J:0, 7 7 

FSrpPGKBfcfWLfc. S^fc. PGKTn*-* 

crtBafc?-PGK*-5*-*-S:*fc2.5 kb^Sse8387 
I -Not I DNABrtt-Sr^*^0CL, crtBiftft^Sl^* 

[0046]® crtI36S£*'y hOfBR 
WW^tfifcGBIILttWr (W0/95/32289^) OK 
K^htl^r^Xa HpMAPTlCOXbaI-BaiiHI»{4CC*ra 

L/icrtI5t^2r*rtiXbaI-BgIIIRfrS»AL^, C: 

TnhyATPaseiPMA) c07*n^-^-^«i:PMA^- 5 
^-^-c7)^ic^^^crtIit^7-^^02.5 kbcONotl 
DNABrrt-Sr^*^l5liRL. crtiafi^JSK^-fe-y bfc 

[00 47] (3) ';a^y±tffl77^5 FpCLEBI 13- 
2<7)ffil& 

~7*^X 5 Fp&BSIO (Kondo, K. et al J. Bacterid . 

,177, 7171-7177, 1995)<DPstlS&£, pPGKB£#<7)2. 
5 kbOcrtB«3S*-fe-v FT*SSse8387I-NotIBr>T\ & 
If. pGAPE&*<02.65 kbC7)crtE^^-t *y bT**NotI 
-PstIR#£[^t:f*AU ryX = KpCLEBSrtf* L 
fc. iKC, paEBc7)NotlSPfi^pPMAl4*02.5 kbOcrtl 
^S^-trvhT'fc^Notlffi^^^AL, gWhl^T^ 
>UKpCLEBI 13-2*ftfc (B4*H8) . c^r^x^ 

F(i, c. utilise 'J3^y^$^^r7X 

[00 4 8] immi} £j£3t£*<0fl* 

uredovorai^^crtE, crtB, crtl, crtYC04 iBfc^ 
(Misawa, N. et al., J. Bacteriol. ,172. 6704-671 
2, 1990). Stf. 0-/?a+>frt>TA9*V>+y(?> 
-atfUZii&b ^iX^^^fflSAgrobacterium aurantiacu 
■&3fc?)crtZ, crtW)2&ftrf- (Misawa. N. et al.. J. 

Bacteriol. ,177. 6575-6584, 1995) ^H-6fflO«5i 
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[004 9 ] Candida util is**?)?' 'J -t/l/7^f b H 

lve^3K>69tf£0§#, a2jGAPfcj6^fcfi9£3r* 
i^tc. *?>oifr250-300 bpr^^«r»flWrtMRB»*« 

10 ioT««SixSi^CiK»L/i, »*sn&*IHII* 

c»aafK^saRBBtt3 h y (atg> ± o 1 

0 1 ESii $ X,T 3 ' TSEIHfcBgl 1 1 ig«»(43WBfiES*i 

[0050] £UK7)^S:#J«LT , crtE. crtB, crtl. 
crtY. crtZ, crtWO 6 ag^CO V v£ , -fit^iX, 05 
-7. 08 MO, 011-14, 015—17, 018—19, 020 

20 fli-fe^yhE-l— E-4^4-fe^yhHJ:oT. crtB 
af^U^^y hB-l-B-3^3*;?0<y MCj:-oT, c 
rtiafirfii-fe^ >- b I-lM-6fi%-fe^ > MC ± 
T, crtY3ft&?li^^>yhY-l-Y-4^4-t^y hiZ 
cfcoT. i fecrtZ5teP{i-t Z-l-Z-202-fe / 
.rfyMCjzoT, crtWjt^ii-t^>'hW-l-W-3C03 
W.»J«3iiS J: a £Ktf L 
tz. &*z7* >• h^MSBtcJiW»«^IK»*B«»(2 
dKU S3t|5|MI»M*^J:-or*H:^ 
* y b**KS7Hft$ii5 J: 3 3^<7>fflKlHH2SW 

30 {J^^ii^^^^^Jtes^E^J^ttJnL^. 
#-fe^y b^£*ij£022-24^1\ #-fe^ 
y h P^&comzm \^z?yA v - ^fi*S W Sr 025 
(crtE), 026 (crtB), 027— 28(crtl) , 029-30 (crt 
Y) , 031 (crtZ) , 032 (crtW) 1UT(C #51 

i^^t {ztns&xmznmtz^-t. 
[0051] (D.crtEae^o^* 
^figffldsttsix^crtEae^^JsaEM (05- 

7) SrfllfiEf 5 4oO-fe^ybE-l-E-4 (022) ^DN 
Aif^O^^^^To^. ^r^yhE-m. ^^t^Xbal 

40 hStyI^^^o214 bpODNABr^T. A^it^WL 
Ztltz* U 7 U*?- H ^rfflv ^TPCRftd J: 0-&«$ 
ixfj. -tr^>'hE-l^«cOi¥»;oc>r(i, mF^L 
^«5CEITt>S03^J:-5t:, 41*, r^Mv-E-l-F 
2. E-1-R2 (025) Srfflv^T lUiaWCRRHJfclToat. 
PCR^ftftiiExTaq#U^7--t: (SfflJfi) ?rfflV\ dNTP 
C0*^V-jlT;U(7)1/1 OS (dA.dG f dC.dT*20juM)T 
fflV 94'C 30ft\ 72°C 90^25^ 4 9)V^ »Sl^i94 
'C 30»\ 5S-65'C 60^. 72iC60&^25^>f ^/PTffo 
fc. iaT(^1-ae^«(Cfc{t4 24^NAft^KnK 

50 Bli. r^-fv-^astDNA^^^WMi. T^T 



1 3 

tmzmtix. t-^^-e-i-fl e-i-rkhe) 

fcfflVK ft^ftT^Hli^PCRRIBSrtfl^ 214 bp<7) 
2 *«DNAT J> h -fe ^ V hE-1 £ »fc . 
[00 5 2] *^j*yhE-2Ji, H«fc5tyIi:SacI«ffi 
£1N-£266 bptfODNAR*T\ wilt>4*<Ofk^-£j£$ 

tz. 4"f, r7>f 7-E-2-F2. E-2-R2T'l@@WCR£ 

-7-E-2-F1. E-2-RlT2@B<?)PCR£fTV\ 266 bp<7)2 
*aDNAKfrt'i)-&-t^>'hE-2Sft3t. ±7*yVl- 
3ti, ^StCSacItHindlliaSfilS:*^ ^227 bp^DNAR 

4"*\ T?-f 7-E-3-F2. E-5-R2TlHlgCOPCR£ffo 
3t«, *«S^2*«DNA6«SfcLTr7>fV-E-3 
-FL E-3-RlT'20B^PCR^ffV^ 227 bp<!0 2*«DNA 
Br#£f»fc. *:7X>hE-m, IfflStCHindlllhBglll 
Sift 250 bpODNAK>tT\ iflfe 4 *<0* 'J =f 

*7U*f-Fa»&fl^ilfc. trf-TvA V-E-4-F2, E- 
4-R2T10@OPCR£fro*:a. ^«Sil)t2*«DNAS: 
LTr^-f V-E-4-F1, E-4-Rir20g^PCR$r 
ffVK 250 bpco 2 *«DNABBJt«r»3t . 
[00 5 3] l3Lbc7)»KSix^4Od0DNABT>tS:. ^ix 
-fil, pT7BluC<^^ — (Invitrogen)t. 4fcli. Kleno 

0<7jDNABrfrt30V^T*SEW«r*SLT, KfH,fck 

Ltl&. iSMAT^O-xyjU (FMC BioProducts) £ 
fflHTHUKSrfrW £-Agarase-I ( B*^*- 

[00 54] iii^4o<7)DNABr>i-co«tt«ifeJlTOJ: 3 

-2, E-3tf>3Br>V£. pBSIlKS+(7)XbaI-HindniW{4t:H 
BHZftXLtz. ZVTyX^ F£pcrtE123i:fr&L*:. 
fttC . pUC12^Pst I -Hindi 1 1 S&^KlenowRtf-^tfl L7t 
f*. BgllPJy^- (CAGATCTG) £f$ALT. Bglllffiffi 
sMRfcCSASix*:^*- (pUCl2Bgl fc**) £f£«! 
Ifz. ^fl^Xbal/BgliramLL^. ^Xbal-Bglll 
Saci. 5fe<7)pcrtE123J: 9W9fflLfc-fe^*y NE-1-3 
£*trXbaI-HindIII DNARfr. Stf, yrt^fcEUKSil 
^ >- bE-4^HindI I I-Bgl 1 1 DNAR#£ EWCffA 
U crtE»fi^££fi££STS**:. 
[ 0 0 5 5 3 (2) crtBitfcT<7>&j£ 

^Kfflc»if'Sii^crtBae : F^a«ieyii <H8m 

0) ^fl|fiE1*5 3oO-b^yhB-l-B-3 (022) <0DNA 
Br#<0-&«£ffo*:. -fe^VbB-m. ^ffi(!XbaIi:E 
coRVSfi£#o323 bp^DNABffr-C, ZtU±tt&&&* 
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^7*5>f7-B-l-2, B-1-2R (026) SrfflV^T, crtEjt 
e^^BES-jthRHH^ftr 1 [SiBcoPCREJESrfTo 
tz (B3»H). C^PCRTH^^^JCGa^O^i: L 
T. 77^7-B-H, B-l-lR£fflvvC2EElB«9PCRS:4t 
IK 323 bp^2*«DNA»rfrS:t»3t. * 7> V h B-214W 
MlCEcoRVfcHindlllSfitelf-f £332 bp<DBrfrT\ wil 

t4*^y^jf^u^KA^f^^^. 4-rr^ 

V-B-2-2, B-2-2RtlHiamR^ff->3ta, 
10 ^2*«DNA*«Mi:LT, T7^-B-2-l, B-2-1RT 
20|WRS:R^. 332 bp<0 2**DNABr*S:f*fc. -t 
^yhB-3(iBS(CHindIlIi;BglII»{aS:*"J--6313 b 
P0>BrfrT\ <rflL4*^'Jrf^7U^K^^^^ 
4"i\ r^^"7-B-3-2, B-3-2R"Cl®gcOPCR£ 
fTofca, &&ZtXfz2*mm*Mg.blZ. TyJ 
V-B-3-1. B-3-lRT*2!llB^)PCRS:fTtv 313 bp<92# 

[00 56] ELbOi|Mi$fL^3RmcooTpT7Blue 
9 — (Invitrogen) 4/iJiKlenowBrM'*PIJ3j: 
20 t/U VHft^^ffo3ta^pUC118^HincII«fl^r 
7n--y7lf z . ZLX. i;h^3o<ODNAKtf*0> 

jfu—A*r)V (FMC BioProducts) £fflivC0IR£fir 
IV /3-Agarase-I (S^'-V) r«K£?To7t:. Ztl 

h 3o^DNAKfr^ff«{iEITOJ: o teff -?3t . TSrfc 
yy^^[E]iR$iX^^/^> bB-1, B-2, B-30 3 
Bfrfr £ . ^ ^ ^-pUC12Bgl ^OXbal -Bgl I 
30 AU crtBiRe^^^BStSr^T?^. 
[0057] (3) crtl iiffF^a 
^fiEffliCKftStl^crtliB^cofi^EW (011-1 
4) ^Mt^^^yM-hK (022-23) 
ODNARfr^«S:R^fc. -fe^yM-KiHiBtXbal 
hSacI^{J$:^0253 bp^DNARfr"C, -ilii. 

^yM-l^f»«^C, 4-f. 77^7-1-1-2, 
I-1-2C (027) Srffl^T. crtE3t&^ t H« 
C0ftftr*l[Hl§WCR«r?fo3t. CWCRTI^^^^O 
40 WiZmmt LX. T^-fv-I-l-L I-l-lCS:ffl^T2 
0g<7)PCR£W\ 253 bpC0 2*«DNARfrt#Jt. -fe^ 
^ y M-2i«3g(CSacI t AccI^fi^rW-t 4271 bp^R 
iiit4*^ , J^3r^U-5rf-h**»^^il3t. 
4-f. r^>fv-I-2-2. I-2-2CT'lHIB^)PCRS:?fofc 
ft, ^JSSil^2*«[DNAir«SfcLT. r^^^-I-2 
-1, I-2-1CT2 Sa^PCRSrff f»322 bp<7) 2 *fiK)NAR 
fri »3t . t^Vh I-3(iP^S(IAcc I Hi ndl 1 1 fflfi S: 

Ffrtifthtifz. t-fryJ V-I-3-2. I-3-2CT'10 
50 BWCRSrRo^a. ^JGfiS/l/w2*«[DNAi«ffli:L 
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T. I-M(TC2ElB^)PCRS:tT^. 19 

9 bp^2*«DNA»frS:f»fc. > M-4«fflfflCHi 

ndIIIi:SacIg&{i£*-f £322 bpCOBr>i~C\ ^ilt4* 

4-2, I-^CT'lHia^PCRSrffofctt, 2* 
«DNA*«SkLr. T7>fV-I-4-l. I-4-1CC2EJB 
^PCRSrfftV 322 bpC0 2*«DNARfrSr#^. -feT^y 
H-5(i. M3gt^SacIhBstPIgPG$r^-T^253 bpCOBffr 

-fT^ -7-1-5-2, I-5-2C (027-28) TPCR^o/- 10 
ft, ^l££ii£2*gPM£«£2: LT. T:Mv-I-5 
-1, I-5-lcmR£ffW 253 bpC02*«KfrSrft3t. 
^^yM-6li, IfSBtCBstPI fcBglIl«fi][S:^rrS254 

£>*l£. 4^7*^-7-1-6-2, I-6-2C (028) TPCR£ 
ftofca. ^B!t$fut2*IIDNASr«afcLT. T5>f 
-7-1-6-1. I-6-lC?PCR£?rV*254 bp?)2*&8JT*£tS 

[00 58] tU:i0fllll5<lfc6BffrCo.OT, pT7B1u 
e^7?- (Invitrogen) . ifcUKlcnowBrfrJBliSj: 20 

3*J£i*£LT. Sit Lfct^tH-"C*S^i: SrllB L 

(FMC BioProducts) £ffl^TEK£?TV\ 
y9-Agarase-I (B#v"~y> SrfflVVCSKSrfi^fc. - 

-fe^yH-1. 1-2, I-3?)3Bfr£r£. pUC18<7)Xb 
al-Hi ndl 1 1 SBfitCw|S|^C#A Lfc . £<975X$ Kfcpc 30 
rtI123fcft£L£. <7 ?-pUC12BgiC0XbaI-Bgl 

IlSftC, 5ttf?pcrtU23J:0*ltSil^-fe^VM-l 
-I -3 £*fcXbaI -Hi nd 1 1 1 ffifr . ^ ^> EhIK S it*: -fe 
M-4<7)HindIII-SacIBf>T*. -fe$0<y M-50)SacI 
-BstPIRfr. RXf* M-6^>BstPI-BglIIBriiS: 
f5)^Cz*¥AL. crtIjt^^^j£fc-«7Siirt:. 

[ 0 0 5 9 ] (4) crtmS=F O^ig 
*-&flcffl(=SffSnftcrtYae?-coJ6KE?»J (1315-1 
7) £ftf£t£40£Hr^yFY-l— Y-4 (023) ^DNA 
Br^-&**ff-5 3t. -b^yhY-m, W8£XbaIfcH 40 
indIIIg?{i£#o263 P <7)DNAKfrT\ rfUl^^fiES 
ii3t4^*U^^^u*f-K*»feftfeiTJt. -fe^y 

hY-W^cO^^^Tti. 41\ r^v-Y-1- 
2, Y-l-2CSrfflV^TllHB^PCREa?S:ff-53t. d<7)PCR 
•C»6*lfcBBaEfelfflltLT. r^V-Y-l-l, Y-l 
-lC£fflOT2E@?)PCR£?TV\ 263 bp?) 2 #&DNA»r 
-b/^yhY-2lffi5|gtlHindIII^AccI^{i$: 
1T*<&292 bp<7)Kfr"C, £ftfc4*tf)*'J:Or7U;tf- 

Fa^tttflfc. 4-f7*5^V-Y-2-2. Y-2-2CT'PCR$: 
fTo^a. £f££ft£2*«DNA£«St LT. r^M 50 
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V-Y-2-1, Y-2-lCT-PCRSff^. 292 bpO 2 *«DNAgfr 
XZftfz . -t ^> y b Y-3(3 PtSKAcc I, Sty I 
£341 bp<0BrfrT\ 4*<0* 'J zf* 7 Utff-FA* 
4^7^-7^-3-2. Y-3-2CT"PCRS:fi-o 
fca. ^JS3fL^2*«DNA*«Si:LT. T7>f7-Y 
-3-1. Y-3-lCTPCR«:m\ 341 bp<0 2*&DNA»rK-£& 
fc. y hY-4(±SSSCAccI fcBgl I I»fflS:#tS30 

1 bpCOfflffirT, Ztli>4*<r>*V 3*7 \s 

41\ r^-^V-V-4-2. Y-4-2C"CPCRS:1t-3fc 
ft, ^ttSix^2*«DNASr«Si:LT. 7*^~7-Y-4 
-1. Y-4-lCTPCRS:ff^301 bp<7)2*«DNABrfr£*t. 
[0 060] J^^»«S*U:4BrmcooT. pT7B1u 
e**9 9 — (Invitrogen) x 4fc(iKlenowBrfrJMIJ3 i 
tXUyKft^Sffo3tatCpUC118cOHincIIJBtit^y 
?n-~y^L^ 0 i*i^4Bffro^Tffl6E5>JS:«£ 
L/C. RH-L>ttcOi:PJ--C*&ii:SrilSL^ & 
fc. ;*i£04o<7>DNA»r*«:. «i^?>* 

Y)V (FMC BioProducts) SrfflV^TSJRSrlTW SfeC 
£-Agarase-I (B*^-y) Srffl^TSHiSSrffo^:. * 
LT. pUC12Bgl^XbaI-BglIlSffi£^ 
HIlRSii^-fe^yhY-1- Y-4<04Br*£RB**;:t*A 
LT, crtY58g^0^fiES:*7S^. 
[ 0 0 6 1 ] (5) crtzae^O^fiE 

^BEfflcc»n-s^crtzae?^«BaiEy»j oism 

9) S»fiE-ri>2o^-lr^>yhZ-l*-Z-2 (024) ODNA 
Kfr^fiESrff^fc. -fe^yhZ-imsaBCXbalfcAcc 
lSfi^^0263 bp^ODNABffrT. ^iUift^ft^ilfe 
4*£7)^'J^7U^f-F^^^^^. -t^yhz- 
l^^PlffltlOV^Tii. T7-fV-Z-l-F2. Z 

-1-R2 (031) Zm^X, lIUB^PCREBSrffofe. r 
cOPCRTlt^^RJE^aMhLT, T^^V-Z-l-F 
1. Z-l-Rl$rffl^T2Eg(7)PCR$:^\ 263 bp^2*^[ 
DNA^ftJt . Hr^> y hZ-2liHffl£AccI f: Bgl I 
^-T^254 bp^Br>VT\ «Ift.fe4*^* , Jd'5r^W*f- 
F*^^^^. r7>fV-Z-2-F2, Z-2-R2T'l 

BBOPCR£?t->*:», *aSii/i2*»WA6aSi:L 
"7-Z-2-F1, Z-2-RlT*2HIHC0PCR^fiV\ 2 
54 bp^)2*»)NARfrS:ft3t. 
[0 0 6 2] kXt^m^tltz 2 ^m^O^T . pHBIu 
e^^^- (Invitrogen) s 4fe(±KlenowBrfrfflafc i 
VUyKftj^SffofcatpUC118^HincII«{it^ 
?n--y^L£. wn^2KfrCov^TS*iEJ«S:a 

aw-&MH»3rcfflfl:Lfca, finusTxra-^y/u 

(FMC BioProducts) Srffl^TEWXSrff t\ $^>tC/3-Ag 
arase-I (S*y'-y) ^fflV^T»»tffofc. *L 
pUC12Bgl COXbal-Bgl 1 1 ^PfflCC . ?)Vi)*hmW&ixrz 
Z-1-Z-2C0 2 ocoDNABrfr?: A L 
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X. crtZMfirf-nttZfETZittz. 
[ 0 0 6 3 ] (6) crtWit£7 

1) £«&-t£2O0-fe^yhW-M-3 (024) ODNA 
JBt^^OLiffnti. -b^ybW-m^5gtZXbaIi;Acc 
IStt£#o250 bpODNABf^r, £*ittfc**jS$it;fc 

lli, fflacOEI3^>J:9C. *1\ r^-f^-Rl-2, Fl- 

2 (032) srffl^r. crtE&m-<n$f&jmtmm<7)4k 

LT. Fl-l£fflvrC2[s]i 
^PCRSrffV^ 250 bpC0 2*«DNAS:f»3t. -fe^VhUh 
2Jija?SgiCAccI i:KpnIgHffiS:^'t^332 bptf)DNA»rfrT\ 

T^M V-F2-3, R2-3*J8^T 1 Hlg^PCFlKKSrfi 1 ') 

2- 2. R2-2T2Hia^PCRS:tf^, £ 
^2*«DNAS:«Si:L"C. 7"7>fV-F2-l f R2-1T3 
[UB^PCRSrffVV 332 bpC02*«DNARfr«:»fc. -t^ 
> > h W-3{±Wa»HKpnI £BglII ffl-ffi £ ?i"f £208 bpCOK 
JVC, IfiMWJ^^U^fHK^W:. 
£1*T5K V-F3-2, R3-2T'lEIIB^PCR*ffo*:ft, 
^■jSS^2*a[DNAi:«atLT, r?>f 7-R3-1, F 

3- lT20@^PCR^m\ 208 bp^2*flP>NABrJtS:*| 

[0 0 64] tLL<7)«l«Sil^3Bfm30UT, pT7Blu 
e^v^^— (Invitrogen) . ifcteKlenowRJVSrafc^ 

7n--y7lti. ^<ife3Bffrto^T«SEWS:Si 

mthMmmmx-mtLtz®. m&Ttfu-x*fiv 

(FMC BioProducts) fcJHVvt[5]JK£fTV\ £- 
Agarase-I (B*^-^) Srffl^TWKSrSo^. *L 
T ^^^- P UC12BglC0XbaI-BgiII^{Ji^ y^A^E 
iRS^fe^^yhW-l-«-3^3Br^-S:RlB*CWAL 
X. crVmGrFeo£$&t:%T2ittz. 

[0 0 6 5] (H*«3) S^rcOCandida utilis^A 

(1) rDNAiffl^&^ffl^? *-pCRALlO&tfpCLR105tf* 
DNA«*&AflK? ^-pCRALlOtitTFOi; 3 L 

*wm^bmz\m.Ltz'm (»sm-i73i70) 

iZimZtlX^h77*$ KpCLRE2*^ApaI^(;j; 0 

ft^flSribcsonal DNA£-£trl.2 kbcoR£r£pBluescri 

Pt SK-£DApaI-»M Mc?n-y{LLTT7* = FpCRAI 

SHBRLfc. pCRAlSrAsp718-C4MKLfca. KlenowSffr 

WSiziOiti^iii^mimbl. Notl'jy*-S:# 

JnLTpCRA3S:fa!Lfc. 1^7X5 K£NotI fcBglll * 

L5PST1 5' ca GCA gga aac GTA AAC AAA gag GTT TCA 3' 
L5BGL 5' GAG ATC TGA TGA TGC CTG TTG ATA TTC ATC 3' 
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*X'#tittlZbl,Z£V) . 0.5 kb^O.7 kbONotl-Bglllfr 
frSrHWXL/c. pUC19£HIndIIIhEcoRIT'#*?L 

«*BglII'jy^-SrallSLTlllilL3tr7XS FpUCBg 
IIIS:BglII4MKL*:8L 2«SONotI-BginfT*£y"o 
--y^LTpCRAlOSrflHSLfc. v-^-iifi^fcl-S 
£/^o^ifx5KifttffiL41il<£7CcRILTtt. DNA®t>V 
SrPCRHiOKftLfc. 1-£*>*>. -4 0 5*^+9 7 4 
4T^DNAKfrS:Ef#L*: (BBttn KXATGOASr+ 1 fc1" 
4) . £tf>IK, ££7^5" Mrv>f"7-*«CttPstI 
«(iS:«1niL. 3' fflT-^-f^-^CtiSall^ hS: 

(i. L41ifi&7^5 * flj7*7>f V-h IX % 5*-CCTGCAGG 
AAACGTAAACAAAGAGGTTTCA-3' £ , 3' 817*7 4 
T . 5 ' -GGTCGACTCGCTTTTGTG0GTGTGTGCATT-3 ' 4: ffi V . 
[0066 ] L-C{ipORE2S:fflv^. 1MB 

R#liTA?n--y^y h ( Invitrogenft) Srffl^ 
XVyX 5 KpT7Blue(=^n-->^Lfc. HBSLfcr 
HA^BrfrSrPstl-SallBrfri: LT^OtllLTpCR 
AlOtCjI^I-^^ttCiO. ^??-pCRAL10£fll&L 

[0067 ] DNAfiA&fcffl'^*- paRlliJSTCDj: 
3£ft*Lfc. pUC19S:HindII IfH>ftL^». KlenowR* 
J: 9 IfcftNotl 'jy^-tarjfiLTfll 

KLfcr?** HpUCNotl^f^SL^. <y*?-pCLBS10 
(Kondo, K. et al. J. Bacteriol. 177. 7171-7177, 1 

995. mf. ^wmhtmz\mLtz^ (wbb^s-i 

73170«K) ) J: Ox^O'V^S KWtiL41»ft7Sr* 
tfXhoI-SacIffi«\ pCRE2et DrDNA££&SacI-EcoRl8frtf- 
£ SIR L , pUCNotl <7)Sal I-EcoRI»ffi C»A1"S ZbtZ 

[0 068] (2) ^^n^i/$ KBm4l»fi7** 
^ffl^7^- P aiO^)^ 

LfeXK (Kondo, K. et al. J. Bacteriol. 177, 7171 

-7177, 1995). av, ^rp WBB^s-mno) «eBS 

flTv^r7X*HpCLRE2S:«MfcLT. L41»57$:P 
CRCZi:00.7 kbOL5fc0.7 kb^L302BrM-fc LTt#^. 
i-%b*>. L5PST1 h L5BGL5: ffi V ^X L5Brfr$r . L3BGLi:L3 
PSTN0TfcfflV^TL3BrM-^li1i$*fe. IMSSfifriiT A? 
a--y^7h (Invitrogen^) Srffl^T7*7XSH 
P T7BlueiC^n--y^L^, T?X^ V£^?tli>?st 
U Bglll t«U, L5»rn\ L3Brn-SrftT. -ii^> 
c0lff>V^pUCBgl(7)Bgl I l&mzftX IX . <9 ^-pCLIO 
^f»Lfc. HTfc:ffl^fePCRr^>f7-*£1-. 
[0069] 
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L3BGL 5* GAG ATC TCT ACA ATG 
L3PSTN0T 5* CCT GCA GGG OGG CCG 
[00 7 0] #«£f£*feT&S#-t: y 

(1) £jScrtEit£^WH*-fe -/ h<Wm 
mm 2T1»^ilfccrtE3te j F £*trXbaI-Bgl I Iffifr 
£ . HSfefll 1 -Cfttz^f ^-pGAPPT10c7)XbaI-BainHI^fi 
iZftAltz. Z<7)77A$ FS:pGAPElfc#6W:. 

Sl gaptd*— ?-k(^*-s*— ^Bfcftiii 

7tcrtE5fi&F 1 Sr*02.65 kbO*£3S#* y h SrNotl-Pstl 

[ 0 0 7 1 ] (2) ££crtlift£i^^-t: -y h<0f£S 
^W2T1»6il^crtI3tfi : PS*tfXbaI-BglIlRfr 
£ . Uttifll 1 T*ft*Lfc'<7 ?-pPGKPT6^XbaI-BaaHI 
«ffl:»ALf:. F£pPGKIlk#6Lfc. 

ilfccrtlitfirffc'Sttf.l kbO^#-fc-y F£NotI-Sse 
8387 DNASJrn-k LTEUKUfc. 
[ 0 0 7 2 ] (3) ^BEcrtBjtfi?FWH*-fe v h<0f£K 
*«BB#^3^5t^aBBL)t«fBF <«Bm-173170) MB 
OSiiT^&pPGKPTSi OPGKorn^-?-. 

fc. H8Smcrat<raWSP(cieBLT*l>pPCVi4corn 
^-?-££tfNotI-XbalBfiK-k, Ht<H«I«ail^P 
MA?)?- 5 ^-^-«H«T* ^Xbal-Notlgffn-^r^AL 
tz. 

[0 0 7 3] l(D?-$*-f-Wimt* pMAPTI (*« 
*Mt>fimz&mLtzftlrt («fflPF8-173170) ) £8M 
kLTPCRfciOBMSLst. 7*5 >f ^-(2. 
5'-GGTCTAGAGGATCCTAAGCCGCTAATACCCC-3' 
5' -GGGCGGCCGCCTGCAGGCGTTCTTGAACTATAAG-3' 

)t«(BBIffrliTA^n--y^'y h ( Invitrogentt) 
£ffl^TpT7Bluet;:?n— -y^Lfc0)%. ±I£0.46 kb 
^XbaI-NotIBSM-*@JRL^, ^7*7*5 F£pP14TI 
kft*lfc. pP14TI<7)XbaI-BaiiHIgP{i{CiaS^2Ti#^ 
ilfecrtBae^Sr^ttXbal-Bglll DNAKfrfctfALfc. 

JtcrtBiifirFS:*tftt2.4 kbcO^S^-t -y h SrNotl-Pst 
I DNASfrfri: LTBCLfc. 

[0 0 74] (4) £jfcrtSlfifH^*^h<DfM 
T7X 5 FpP14TlcOXbaI-Ba«HiaffiC||ifeW2Tl#^iX 
^crtZag^Sr-a-tfXbal-BglllBrfrSrlfAL^. 
yXl K£pP14PZlk«*Lfc. Ki9P14 
Tn^-^-kPMA?- c ^-^-OHCRift/vicrtZ 
afi^^tfWK^-t-vbSrBl.Q kUONotl-Pstl DNA 
Brfrk LTEUKLfc. 

[ 0 0 7 5 ] (5) ^ScrtYitffHBaXr-t *y h<0ftS 
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20 

Ga CGT TCC CA 3' 
CTT TTG TGC GTG TGT GCA TTT 3' 
*-&«crtB»K#-fc-y hfmtZ$]^fz7y*l KpP14TIi 

fc9£**Wfc#*£amfc»tt ( WHHTa-17317 

0) tC|BttLTS)^pPCV57^ro^»^-£^0-9kbcONo 

7*$ KfcpPOTIkfrSU:. pPOTlCOXbal-BamHIgPffi 
{ClBftW 2 T»^<T^:crtY3te^ <^)Xbal-Bgl IlKfrSrff 
10 ALfc. :077X^ K£pP57PYlk#*Lfc. 

Hi 9P57rn^-?-kPMA?-^*-?-<0[5J 
tC»4*i/wcrtY«e?-S:*tfft2.5 kbcOfBSXr-t-y F £ 
Notl-PstI DNAWfrfcLTEffiL*:. 
[007 6] i/i|n|t<crtYagi t COXbaI-BglIlBr>T- 
pPGKPT6<^XbaI-BarfI»fl[(cHAL3t. :^7^ 
*KfcpPGKYlfc*£L*:. :^T7^$ Fi OPGKTo 
* - ? - k PGK^ - $ 9 -VM^Z®, £ *lfccrtY»ft 
^Sr-frtflSa^-fe-y F£#£.8 kb<7)NotI-Sse8387lBr>i 
kLTEIJRLfc. 
20 [ 0 0 7 7 ] (6) £ScrtWiB&f *8#-t v FOtf* 
^^2Ti#^iX^crtW^XbaI-BglII»r> 5 rl: , pGAPPTIO 
^Xbal-BamHI^&lCffAL^. :^7^$ KfcpGAPWl 
klfr&Lfc. *<^>flt, GAPTnqe-^-kGAP^-c^- 
^-OHt»4il5tcrtWte^S:*Oft2.45 kbO%31 
#*-y F£NotI-PstI&fr£rk LTBKL^ 
[0 07 8] CHffi^5] ^itfirFSrfflv^Un^ 

y, i9^nfy, rx9^y^y^.^tmryx^¥ 
(D £d»eT£fflv*:»j 3^tifflr7^a fpcl 

30 RlEBI-3<S9fffl! 

IOtSM3 T-flfeilJtCandida util is£Affi^? ?-pCLR 
Ik. IS*W4Tf»£ta:crtE. crtB, crtljUri^S 
3&S#-fe "/ F Sffl^T 'J H^y^Mfflr^X ^ Fp&RlE 
BI-3<7>«*Sffofc (S33#ff3) . 
[0079] 4"$*, pCLRl<7)RstI-NotIfflfiWZpP14PBl4 
*<7XrtmfirHm$'tv h?hh2A kbOPstl-Notl 
KfrSrtfAU 77^= FpCLRlBSrfBKLfc. pC 
LRlBONotI«{4tC, pGAPEl4*cT)crtE3t^^^-fe>y 
hT*42.65 kb^Notl-PstlBr^k. pPGKIli^cOcrtl 

40 3fi&F^^^vhrJ)^3.1kb^Sse8387I-NotIBf>T-|r 
RWrCffAU BWk-tSr^xa HpaRlEBI-3ifW 

[0080] (2) ^^ae^^ffl^^/3-^of-y^ 

ffl7*7Xa HpCRAL10EBIY-3O^» 
3Btt«l3-C»^ii^C. utilis^Affl^^^-pCmiO 
k, 3B»M4T»fe*lfccrtE. crtB. crtl, crtYjtfe^ 
4S-S^^ -b -y h SrfflV^T yS -ii of- y ^MfflT 7 X 5 
KpCRALl0EBIY-3OfMi£1to3t (EB4#S8) . 
[0081 ] pCRALlOSNotlTfH^L^a, Kleno 

= 50 wBrfr«H»7>f y-^3>-RJC£Rv\ 77^$ HpCR 
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AL10-2£ft*U:. mz, P CRAL10-2^Pstiatat, P P5 
7PYl**OcrtYit^^«^-t-y hT'$>Z>2.5 kbcONotl 
-PstlK^h . pP14PBl4*^OcrtBite^*31^-fe*/ h? 
hhlA kbi0NotI-PstISrfr$:f51^tc»AL. 77^ = 
FpCRALlOBYSrftfc. pCRAL10BYCONotI«ffl*C, 
pGAPEl4*C0crtEiBe^WS*-fe-/bT**2.65 ktx7)N 
otl-PstlBffrfc, pPGKI14*OcrtIjte : f»H*-t-yh 
T*l>3.1 kb^OSse8387I-NotIRfrS:R^}»AL. § 
Wt-t ITyXS FpCRAL10EBIY-3 SrfBRLfc. 
[ 0 0 8 2 ] (3) £fiMfi*«rJB^£TX**-fry* 

y£*JHr5;u kpcleizu paBWYiofm 

TTX^^yfytIffl77X= HpCLEIZk pCLBWYl 

atC. P CL10^PstI-NotI^{J(*. pP14PZl&*OcrtZjt 
e^S*-t hT*41.9 kb<DPstI-NotIBTfr£#A 
L, 77^: KpCLZlSfHKL^. JKt:, pCLZKONotlS 
fitC. pGAPElt^crtEitfi^^SS^H:-/ hT*S2.65 

kb^Notl-PstlKfr . pPGKIlSA^OcrtiaffiHia^ 
t7htmi kbcOSse8387I-NotIBrfr$:l5l^»A 
aWt-tSr^^SHpCLEIZlSrffKLJt, 

[0 0 83] ifc* 036(Iir;-^J: pCL10<OPstI-No 
tlfflffiH. pPGKYl4*<0crtYaef»a^-fe'ybT*S 
2.8 kb7)Sse8387I-NoU#r)V£#AU 7*7*$ HpCLYl 
£«*L£. paYl^NotlSfiWc, P P14PBli#<7) 

crtBfc&HtSj**'/ hT£>&2.4 kb^Notl-fetllffitf- 
fc . P G APW1 **^cr tWjt&FftS^r - t »/ b Tft S 2 . 45kb 
^PstI^otIKfr£fiIi$fc#AU BWfc-T&r^xs 
HpaBWYlSrfHHUfc. 

[0 0 84] CHJfc#!6) 'J^y, fi-#u^>& 

(1) Ffci ^Candida uti lis<7)^10£& 

II n^y****"* Candida utilis£fe»-t&*:i6fc, 
^Iffefy 1 TfHR Lfc U 7 * a FpCLEBI 13 

-2£AflIITiBfcl*:i^fcffl^"C* Candida utilis IF 
0 0988ft (ATCC9950) nBVKMZ'rt^fZ. 
ii. fctcaslBLfclfit (W&FP8-173170) fciSOSii*: 

2 5juF. £Stffi£1000*-A. HL£E£ 5KV/cmT 

[0085] SatM5rf»Lfc^Sutfi?FS:ffl^3t'J 

3^>4jefflr7XSFpaRiEBi-3. Ht<«(s 

<^5T'f^»L^)9-^nf-y±mffl7'7X5 FpCRALIOEB 
IY-3lcowC*>. ^ti^SrBglllTIIWtL^t^Srfflt^ 

^yf-y^SWSli^Tii. 3!fcfl5T*fl*Lfc7 
x**ify*y£j^r5x$FpCLEizi, pclbwyi^pi 
*-SriMI»»«BglIIT^)»Lfea. J:<a*L, 



2 2 

[0086] (2) #8Candida uti lis*WE**^)» 
X 

i/^D^y 5 FWttr»KSft£?n-;^-3tK ft 
ffl^«v>itf)£BttU y^o^yiF 40 jug/ilSr 

*trYPD*&ift ( i%Pfix*x. 2%^TFy. 2%/ 

)in-X) 10ml Sr*tfKHI*T\ 30* C, 1 5 0rpnT 
4 8-7 2BM5L fJ*S»*lT^ ^ ^tzRtgJfilOO il£ 
^tMtftt&n/l^y (500bI)C8L. $^>tC6 0-7 

ft. Wmmt. WTOH»CfflV^4T'il5tT. -8 
0* CT'fiffLfc. 

[0087] (3) &MZtit:$ or / 4 Ffe*<9|51£ 

2 «1^00. 45 M Sorbitol, 25 iM EDTA (pH8. 
OJfcJniTSSBLfc. ittClOO julOZyioolyase 100T (2 
5ag/ml) (^r'jyt'-^^jntr. 30.Cr-60^iSL 
SgSC^^t'-X (425-600 aicrons, A 
20 cid-Washed, SIGMA) £fln;c . SftlElXjlsTv Lfcf* 
10 ll^T-feKy^JniTl^H^/P-r'y^^SrL 

±}ttifLv^s»t;»Lfc. «ofcifciB»'eio ii 

co5?ix— r;US:3Di T 1 *H*/^t 7 * Srff W ± 

<r oSffex-x/i&tt as < 4 T1ft 

fflttt§&£5,000rpi 5#H*MMBU 2 
iiC^yfu^±ji^n-^U-xyN^^-^-T^$^ 

«affl*;n7h/77^- (HPLC) i,zxn. £3k<rm 

yO\".y^HR 6xz Ci8 (3.9 X 300 mm) O*— ?-Xtt 
S) S:fflt\ 7thzh'J;t//^^y-^/2-7D^V 
(90/6/4)T-SmL^. :^WJ3^y, 

il. 3 2£\ 6 3^. 5. 3»T'*->fc. 

X^^yf-y^Sfp (^il^il. SigmatL Sigmatt. 
Rochett^feA*) ^fflV^TffKSil3tHPLC*7)e-^ffi 

>s - A Dfy»rx ^ f - y^-g-^^fa*^^ 
-t>h7^;P (4-^-h-tfr^y^y. 7xx=?^y 

^y^-y^fel^. ^t^ff^^ii. ^yh7 

-f^^raS, ^ItcaLfcOlij^Oftft (Yokoyana, A. 
Miki, W., FEMS Microbiol. Lett. 128, 139-144. 199 
5)C^oTHPLC^^T9^i:CJ:0. ffl3tr-7#rx* 
50 ^yf-ycfc^ct^iilSL^. 
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[0088] TyX^ K P aEBU3-2^IA$il^Candid 
a utilis»iWK»f«i. (61M*lg*>*:9760 u g 

(0. 076%) <7) ] J n LT ^ \&Zt tfhfr-> 

tz. Ztlit. ^M^SfcCffo^Saccharoiyces cere 
visiae?)JB1M£&tt (crtE.crtB, crtl Ztlftl. P 
GK, GAP (GPD) , GAL7<orn^-?-£fflvrC$fcS£-£ 

fi (Yamano, S., Ishii, T. , Nakagawa, M. , Ikenaga, 
H., Misawa, N., Metabolic engineering for producti 
on of B -carotene and lycopene in Saccharomyces ce 
revisiae. Biosci. Biotech. Biochen., 58, 1112-111 

4, 1994) coifewmvbz. 
I o o 8 9 ] ttz. ^tfuAfc^ttti u 3^>£mm 

7yAz pCLRlEBI -3#»A£ tlfzC. uti i is^Wte»f* 
(12-2#) ii. gfcfcOl.l ig (0.11%) 

<T)'J Z3s<y££m*tZ Z ttfhfr~>fz. Ztlii, pCLEBI 
13-2#*AS*tfcC. utilis»«E»*^)1.5«c?)tf-CA 

mmryX^ HpCRAL10EBIY-33&«AS<X^:C. utilisjg 
g*>fc9790 v g (0.079%)<7) 

[00 9 0] ££>t;r, £j£t£^£*-f £r*?*-fy 

*>£.tiffl7yA S FpCLBWYL pCLEIZ1<7)W*^»AS 

iijtc. utiiis^meiftftti. i^nfy-f h^l 

T^^^r^fyf-y 340jug (0.034%) . &-fiu*> 36 
Ojug (0.036%) TZ9*-*>*>CD£JMM. 
ii, 3Sffi. HIB(CiS*±«tffi*>^Tt^|Slfe*Sr4jS 
T &&tfPhaffia rhodozyna^frttft^H (0.02M).03 
2) (Johnson, E. A., An, G.-H., Critical Reviews in 
Biotechnol. 11,297-326, 1991) iDf^o^. 
[009 1 )3, JbJEOpCLBWYl, pCLElZ\CDffi77X$ 
K£»ALfcCandida utilis IF0 0988ft (ATCC9950) 
ii. 0988 (pCLBWYL pCLEIZl) b&%iL. X^ffiTrK^ 

tij^mmmtz. ¥«9 « RisumxwRu bp- 

5839h l/TffffcLfc. 

[00 9 2] imfeMl} Candida uti lis£>£>3-t K 

(1) S#*hngltf)K» 

173170 ( 0105) T«L3t*atCffioT, Candid 
a utilis IF0 0988 (ATCC9550S)^^fe*DNA^P9S! L 
tz. 

[00 93] znftk&ti®Hte»Wb LX. t Kn^y- 
3^<-f*/iy/U^ x ) )V-ZlX.y4f4 A A(HMG-CoA)Ur^^ 

Lfc. 7*7-f LT. 037(l7f:L^Saccharoayces 
serevi si ae^HMG-CoA V ¥ 9 9 — fc'itfzci^ ( Anderson , 
M. S., Muehlbacher, M. , Street, LP., Proffitt.J. 
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Poulter, C. D.. J. Biol. Chem. 264, 19169-19175, 
1989) CO8073&^814»g4r^TSyKEW GDAMGMNM 
£ 3- H-t-& ^tlhmmijUzttfo-th 7y-i V 
— : 5'-GGTGAYGCHATGGGTATGAACAT-3' , fcjtf, Hl:< 
951*^959*B4T^Tcy»EW MPSIEVGIS:3-F 

•t h htii&mmmmm&m&mzttm 

ZTyJ-?- : 5'-GTACCVACCTCGATNSWTGGCAT-3' fcfflV* 
tZ (YttC«^ttT^E?«£*rf . HiiA, CS^iiTCO 
E5fl$r*i\ ViiA. C*V^iG^E^I2r^t. N<±A, 
10 C, Giat^iTfiOEWSr^-f . SttC«^(±G<0E#IS:3F 
1\ wiiA SS^JiT^EW**-*-) . 
[0094] PCRRflSiLA PCR* v Her. 2 (SHift) £ 
fflV^T. 3 0^r^9)Um\ »500bpcODNABffrS:»3t. 
ftJ?>^DNABrfr<ipT7Blue T- Vector (Novagen) ICDNA L 
igation kit Ver.2 (5HBS)£BJlva&&U r^XS 
KpTH5Sr»» Ltz. ft ^>^pTH5^ABrft-«#toi > 
T.rr^-f FA^yXrAX (ft) co&tT^-fV 

JESrfrV^ aibDNAi/-^xyt-tfflv^Ta»lMfr 
20 «6L>t. «HeW*»fe«eSft.&TSyKEM6WI( 
^)3^>— 03&*S. serevisiae^HMG-CoA l Jf?9~ fefit 
f^f (hBgl)^raySfiWfc67:<7)^ni;--*«R|Jc3 

[0 09 5] {Kt;, pTH5i:0C. uti!isOhmgl^O—aJ^ 
*tfDNABr>tSKpnL AccIT'^LT. ^500 bp^)DNAffr 
frfcLTKOBiL^. »BH¥8-173170 (Olll)Tlt^fi 
7^C. utilisSftfetlKDNA^^r^'J-SrfflV^T. ^100,00 
OHD— — t^O^T. ^^olecular Cloning 2nd edition 
(Sambrook et.al., Cold Spring Harbor Laboratory, 1 
30 989) CO P 12.21-23KftoT7>r;I^-£tf^U PTH5 
±0IH»L3tC. utiliscOhigl^O— »S:*tr»500 bpOT 
NAffi>T-. KpnI-AccI®r>t^32PS^L. ^fL^To-^t 

?v-><Ooh^£MlfftlXBatf\9mLXm-5 k 
b^)DNAgff>T*i: LTKOat. Bluescriptll SK-cOBamHI 
CfflAaAT'pBH-6SaiKL)t. R«tCBluescriptII KS 
WBanHl i;ffi^iiATpHK-8^flt^ Lfc * 
[0096] (2) pBH-6tpHK-8c7)hagl$r*ODNAK^£7) 
40 SSE^J^^ 

pBH-6 1 pHK-8(iApaI t Sal I LT . double-strande 
d Nested Deletion Kit (7T/^7y7 

m^xxk^mmftm-fiztizx*). n«cox$3z 

H£#oT7X== Vitmi. 4,307 bp*^^&BiMHI 
Rfr«a»E««r*5eLfc. affliH-fcOJtjeSfi&T 

a/KE^I$:fflV^T. S. cerevisiaeCOHMG-CoAU^^^ 
— VnTSSffiffltntt&ift^tzbZZ* pBH-6. p 
HK-8hi(I. HMG-CoAl//^r— fcfjgfcTROS* 
50 bp^iflT^^o^:. 
50 [0097] (3) YmgWS* m*&<07n--y7 



(14) 



ttSIH 1 10-248575 



25 



2 6 



WBBTS-173170 (0lll)T1»6ilfcC. utilis^fe^DNA 

ftU:. 77*5KpBH-6fcpHKn8?) 
*»EW^+2032*^+206UC»Bf 4*»E?<I (EW* 
^2) fc. -e^5'«KrGGGi:EcoRI»fflcOGAATTC«:tS-&S 
: 5" -GGGGAATTCAAGAAAGCCTTCAACTCTACTT 
CCAGATTT-3' £#$¥8-173170 (Olll)Tft^fl^C. ut 
i 1 is&feftDNA7 4 77 'J -Cttffl LT^£^? 9-X' 
h h pBR322<7)BaaH I Sfi 5 A^34BHMKlfc«(a £*t 
J6lT6ESEMfcffiH^77 4-7- : 5'-GACTACGCGATCA 
TGGCGACCACACCCGTC-3' Srffllr Vfc. 
[00 98] PCRiiLA PCR^r -y FVer. 2 (Sfflit) Srtt 
W 3 0tM7/Mt->fc. PCR^jfiL)tDNABTrt-«ipT7Blu 
e T-Vector (Novagen) fcDNA Ligation kit Ver.2 (SSB 
5t)£f£^&£-U 77^ 5 KpHMG-Bl, P HMG-B2. pHMG- 
B3, pHMG-B7S:fll»L^. W^ilfcr?* a FOHtfJK 

SSrf&XTV*:. tLbcOiS**^. C. utilisO^^H 
MG-CoA Is???— feUfc?- (higl) ^7n-_y^tC 

[00 99] E?'J#f-3C. C. utilisCOHMG-CoA 

iotti&^* s Ey'J#^l^='T»«»#T'*&. fc/f 
U *£D^R(iMK£»S*VO*4. ) . ttz. E^J#^ 
4C, C. utilis<DHMG-CoA 9 — \£m&T<M£3k 

E?l fecttXn-h'SiiS^w^KorsyKEJiJS: 

m^ftZ'hh. tztzi. Kwmimz. cgt(±atg(c$i« 

[0 1 00] C. utilis^hmgltzfi. 2,805 bpfrbfth 
T. S.cerevisiae^HMG-CoAUr^^— €?>JWb 

nfflai&im'Vz. £E?I««-Ctt, c. uti 

lishS. cerev is iaefiTC52. 2%£0zfr^n S il 

fc. C. utilisCOHMGl^y/^WCfclt&TSy 

»EW477BE*iai»^«i:. S. cerevisiae^HMGl^y 
WKtz&ft h7 $ y«E?tJ573Biai3»^«t:ii(t 
6 T = y »EM<OfflEHB375. 5%i: tbttWKv > fe OT'fc 

[oioi] txttffls] h«flBs»jHr5*$F<o 

SQtMlT*Ucr7X5HpGAPPT10S:fflV^TCandida 
utiliscoS^*4 I ^*ASfiT»«glt*»R , t-& J: 9=5: 
^^-S:«KLJt (BB»ffl) ♦ PCRjfefcrJ: 
0. higl0447T5/B*»£934T5/»4T*£3-K^ 
Tv^DNABrfrSrRflLfc, r^v-fcLT. EM* 
*4C0fflEE5»J+1339*^+1368tC»a?-?--&E5iIt, 



5'ffl£fflte3KyT'**ATGS\ ^«3Ky^5' 
M£NheI»{2£* ^cONhelSfficOS'MtCJaaiEWGGGS: 
!*Oj:-}lCT-F4 : 5' -GGGGCTAGCATGATC 

CATACCACAAGATTGGAGG ATG CAATC-3 ' h , EM*# 4 O&jtt 
3 HySr*tr«*EW+2779fc+2805^IB^«*EW^« 

MaitwjB-rsEWfc, >e^B 

gllI«(4^5'fl|H*aSE5»JGGGSr}*oJ: ^KtIM V L 
fcTO-7 : 5' -GGGAGATCTTGCTTATTTCTTAGCAGCGGCTCTGT 
TGTG-3'£ffl^. PCRfiLA PCR^r ■■/ hVer.2 (SfflS)*: 

[0102] W^il^DNABrfrSrNhelfcBglllTillftf*, 
pGAPPTlO^Xbal-BamHiafflC^ALT. 7yX$ HpChG 

[ 0 1 0 3 ] #£PF8-173170 (0112)TWiSLfep 
CRE2iOApaI«HLT, 1.2 kbcOrDIMBrfrfcr?* 5 K 
pBluescript SK-KJfA LtzTvX I HpCRAlSrflWL 
fc. iJCtw. pCRAKOAspiaffiSrNotlSffllcaSaELfer^ 
>UFpCRA3£Hli8U:. SfeCI. ^pCRA3£NotI?TMfc 
ft, 122 kb(7)rDNA»frS:*JBL. pChG£NotI««IfiL K 
20 VymtLtzhcotm^L, 77X=HpChGRS:ff«t 

[ 0 1 0 4 J $ #1^8-173170 (0216) TIMS Lfc 
pGKHPTl J; ONotlfHftf*. ;W /n?>f ^yltffilfc^ 
-CJ!>SL41^>m-^KS:3-KLT^63.2 kb^Sffr^: 
ROtBL. pChGRS:NotI«fflia. R'J vBtffcLfci^i: 
^T-2>Ci:tCj:9. BWfc-rsr^X* HpChGRHSrfll 
ISLfe. =flr*5. icOpChGRHSr»AL^E. coli JM 109 
(i. JM109 (pChGRH)fc^L. IIK«Wf^^X*^i 
»f3WrCl, Tfi£9 ^2 H25B#it"CFERM BP-5837h LT 
30 Sf£W:. 

[0 10 5] C50IW9] hmgl K*3Kfflr7^5H 
^Candida util is^OHAfc il^fe*^* 
SSBSMS-CWfer^^S HpChGRHSrBglII«HL^:t^ 
^fflV^T, ^¥8-173170^||]»^Jll^)^£iC^oT. 

77X5 FpCLRlEBI-3^A^il^C. utilis^«K» 

'J 3^yf«S (12-2») ^WteSl^firo 
tz. ^/UX*m^5juFT*fii«i^l.OOO^--^fc8003j" 
-i.. 1£ff$r5 kV/cat4 kV/cn^fH«$T'fro£. ffl 
40 V^pChGRHU— 0<7)*ffT5 jugSrfflV^fc. 

a^*S*ilO«|SHtV^ H40jug/il, v\ 

/nv>f >y800 /xg/ilSr*tfYPD»^»ftJ:fc:7U 
-f -fV^L, 3aCTljBBK*L^. «^ 

--(zti. pChGRHfcpCLRlEBI-3fcC0iaSr7X5 H3&«#A 
S*ITV^. 4?t. :*77^a F^^AL^Candid 
a uti lis IF0 0988<* (ATCC9950) t±, 0988(pChGRH, P C 
LRlEBI-3)fc**L. U^^^^X^^jW^ 
tC. Tft9 ^2 ^25Bft(7T'FERM BP-5838i: LTSItL 
50 fc. 



(15) WBB^F 10-248575 

27 28 
[0 10 6] ^iX^^^n^«^#fe3n--J;0 3 *#\ RIWC. C. util is^HMG~CoA f-*Z<r>*T 
«<h-3. h-8. h-17fc*-fc) £3&/CT\ i/;n^yS ( *#£$««) fcn- b'-f£fc^£*AT*;: 

. tSitftftim CT120 rpnTiB k 3 ®*T* o . [0108] 
»£fifc»iiffl90 ilfcffiW 5000 n», 4.C. [3HH?)»*] *3HH£J*ltf , ^n^-y-f K£*tf)if 

tzWkmti0>n*zm&Lt:. itiztizxn, ^mtctv*;* v£±Riz±m-z> 

[0 1 07] (3) r ^o-ry>f KfyRO 10 ZbWTZZ. 

EISfe±^S»j fcSSftfc^fcttoT. [0109] 

^J3^y£»RU U^'WOfctfcfTofc. [EMS] 

*«rH39tlSLfc. nyhn-/U (12-2) tfXUlZWt EM*?-: 1 

^ C. utilis<9HMG-CoA W^^-HfCOnTBJia* EM<0:H£ : 489 

(MMEffiC) ta-HtJlfiTsWASWiftlt 4 EH*)fi: 

l&Ji^Un^ytfifrt&ik*^*^, WflrCii, htfos;- : |M« 

K«*lg*fc94.5 mg/ml (0.45 EM<A«H : 'O'* K 

1 50 
MIHTTRLEDAI EUO^KKKASKTAVSVPKAVVVKDSETTKSSE ILKSSSE 

100 

SESEQSSRPLEQVIELYKK3CVKTLVDDEWSLW 

150 

NLRAVAIRRKAI STUAD A^/LRSNKL PYLHYITfDRVFGACCENVIGr^MPL 

200 

FVGVAGPLI HX3KPYHI PMATTEGCLVASAMRGCKAJNI/3GGVTTVLTKD 

250 

300 

350 

C2jyCTT3KKP AAVNWINGRGKSVVAEASI PKD AWKVLKSSVKAWDVNVN" 

400 

KNLIGSAMAGSVGGFNAQAANMVTAVYI^ 

450 

EDGDLKVSVSMPS XEVGTIGGCTriLDPQGSMLElJ^GVRGPADV^ 

489 

IAim^IVLSGELSLVSaLAAGHLVQSHMQ^^ 



[0110] E7I#* : 2 8 htfnj;- : 

EMtf>£$ : 1470 40 EMOWH : Genomic DNA 

EWOS : EM 



(16) ftm 1 ? 10-248575 

29 

1 60 
ATGATCC ATACCACAAGATTGGAGGATGCAATCGAATTG AAAAAGCCAAAG AA T 
M IHTTRLEDAI ELKfCPKKKA 

20 
120 

TCGAAGACAGCTGTCAGTGTTCCTAAAGCTGTTGTGG TT AAAGATTCAGAAACTAC AAAA 
SKTAVSVPKAVVVKDSETTK 

40 
180 

TCCTCGGAAATCTTGCACTCATCTTCTGAGAGTGAATCTGACCAATCTT 
SSEILHSSSESESEQSSRPL 

60 
24 0 

GAACAAGTTATTGAGTTATACAAGGATQGTAAAGTTAAGACCCT 
EQVIELYKDGKVKTLVDDEV 

80 

300 

GTATCCCTTGTTACrGCTGGTAAGTTACCACTGTATGCT^ 

VSLVTAGKLPLYALEKQLGD 

100 
360 

AACTTGAGAGCCGTTGCTATTCGTCGGAAAGCCATOTC 

NLRAVAIRRKAI SDLADAPV 

y 120 

420 

TTGAGAAGCAATAAATTACCATACTTGCACTATCATTAC 

LRSNKLPYLHYDYDRVFGAC 

140 

[0 111] 



(17) =8M¥ 10-248575 

3 1 

480 

TOTOAAAATOTTATCGGTTACATOCCATTACCAOTCG 

CENVIGYKPLPVGVAGPLII 

160 
540 

GATGX^AAGCCGTACCATATTCCAATGCXAACCACAGA 

DGKPYHI PMATTEGC LVA5A 

180 
600 

ATOCCTGGTTGTAAAGC CATT AATCTTOGTGGC GGTGTAAC AACGGTTTTGACTAAAGAT 
HRGCKAINLOaGVTTVLrKD 

200 
660 

CCrATGACGCCTGCACCAlXjT G ll'AAATTCCCAAGTTTGAA^ 

GMTRGPCVKFPSLKRAGQCK 

220 

720 

CTATGGTTGGACTCCaATOAG<XK:CAAGAAGAAA 

LWLDSDEGQEEMKKAFNSTS 

240 
730 

AGATTTGCCAGACTCCAACATTTGCAAACTGCTCT 

RFARLQKLQTALAGDLLPTR 

260 
840 

TTCAGAACCGTCACTGCIt^TGCTATCGOT 

rRTVTGDAMGMNMlSKGVEY 

280 
900 

GCTCTTAAACAAATGACGGAGGT^TTTGGATGGGACGA^^ 

ALKQMTEVFGWDDMMVVSVS 

300 
960 

GGTAACTACTGTACCG AT AAAAAAC CAGCTGCTGTTAACTGGATCAATGGTCGTGGTAAA 
GNYCTDKKPAAVNWTNGRGK 

320 
1020 

A tJltm\JTl ^CGAGGCTTCCATACCAAAGGAa^ 

SVVAEASIPKDAVVKVLKSS 

310 
1080 

GTTAAA<X!TGTTrGTTGATGTTAATCTCAACAAG 

VKAVVDVNVMKNLIGSAMAG 

360 
1140 

AGTXmtjGT^GTTTCAATGCCCAAGCTGCTAATATG^ 

SVGCFNAQAANMVTAVYLAL 

380 

[0 112] 



(18) ftm 1 ? 10-248575 

3 3 34 

1200 

GGTCAAGATCCAGCCCAAAACGTTG AATCTTCC AACTG T ATT ACACT AAT GACTG AAAC G 
OQDPAQNVESSNCITLMTET 

400 
1260 

GAGGAC GQAGATTTCAAAGTTKrroTTTC CATGCCATCTATTGAAGTCGGAAC CATTGGT 
EDGDLKV SVSMPS IEVQT IG 

420 
1320 

GGTQGTAC CATCTTGGACCC ACAGGGATC CATGCTTG AACTTCTCGGAG T ACGTGGACC A 
GGTILDPQGSMLELLGVRGP 

440 



1380 

GCTCATGTTCCAGGAG AAAATGCC CGTCAACTGGCT AAAATCGTTGCATCT ATTGTTCTT 
ADVPGENARQLAKIVASIVL 

460 
1440 

TC CGGTG AATT ATCGCTAGTTAGC GCACTTGCAGC TGGTCATTTGGTGC AGAGT C AT ATG 
SGELSLVSALAAGHLVQSHM 

480 

1470 

CAGCACAAC AGAGCCGC TGCTAAGAAAT AA 
QHNRAAAKK* 
489 

[0113] BM&^ : 3 * N;Kn>/- : H«* 

K?ljtf>£3 : 934 WP\<7>WM : ^Tf- H 

1 50 
MFYHGASAl^HWIAVDDLSKVPVDVDH^ 

100 

EIJ)EVKPWSQSDAAECfWQQLTAErxrn/VroS^ 

150 

KVI^LVRGAETFD IALVTCAYIAMFYTLF^FARMRAVGSKVWLGLSTLV 

200 

SSFFAFLFALYTTTRVLDLSI PFXiSLSEGI PFFVAVVGFKNKILLAEKVL 

250 

300 

GLKNFC ILAAIXLAFDILTTSTFLSAXLSLiKT ,KTKQIHRSTLLREQL£DD 

350 

GLTETTVDDVLKSNSIJUTrKTTTDAP 

400 

SAWI^ELSAGNETNDTFTLYIAVA^ 

| 450 

TQ IEAWLSF TGLI ST AARDKYI SKF XLFAFAV SAS INVYI^LNVARIOTT 

500 

RLEDAIELKKPKKKASKTAVSVPKAWVKDSHI^^ 

550 



(19) 



10-248575 



3 5 



3 6 



[01 14] 



SSOTLEQVTELYKDGKVXTLVDDEWSLVTA^ 



AIKiUWJStn^APVIJ^SNKLPYI^^ 



GFLIIDGKPYHI PMATTEGCLVASAMRGCKAJNLGGGOTTVLTKDC2^ 



PCVKFPSLKXACQCKuWIJDSD^^ 



IXFTRF3HVIK30AMGMNMI SKGVEYAIJCQWTEVFGWDDMMVVSVSGNYCT 

800 

BKKPAAVNVOTX3RGKSWAEAS IPOTA^ SVKAWDVNVNTOJL I G 

850 

SAMMSVGCTNAQAANKVTAVYLALG^P AQNVESS^ rn^fTETEDGDL 

900 

KVSVSMPSIEVGTIGGGTILDPQGSMLE^ 

934 

ASTVL^EIjSLVS AIAAOTLVQSHMQHMIAAAKK * 



600 



650 



700 



750 



IS?|J<7)£2 : 2820 

sworn : ftK 



[0115] : 4 



20* h^Py- : it®^ 

EfJ?)&3S : Genomic DNA 
EH 



* 



(20) nmW- 10-248575 

37 

-60 -1 

CTGGCGGTGCTGCAAC ACT AT ATGAGC AACGGGTTCT^ CGGCAGCGGTT 
! 60 
ATGTTCTACCACGGTGCAAGCGCAAACCAACATTGGATTGCAGTTG^^ 
MFYHGASANQHWIAVDDLSK 

20 
120 

GTCCCAGTGGATGTGGACCACTAOU^CGTTGTCCCATTCCAGTTCCGCAGAGCTGGCQAa 
VPVDVDHYNVVPFQF RRAGE 

40 
180 

T AC AAGG AGCCGGTKH^ ATC AGG AATCGTTGACTTGGATX^GGTGAAGTTTGTT GTTTC T 
YKEPVLSGIVELDEVKFVVS 

60 
240 

C AGTCTGATGCCGCTGAGC AATGGC AACAGTTGAC CGCTGAGGACGGC ACTGTGTGGCGT 
QSDAAEQWQQLTAEDGTVWR 

80 
300 

TCAAGAGCGTATCACGGCAAACTGGGTAAGTACTCTGACATGGCTC^ 
SRAYHGKLGKYSDMAVGAFN 

100 
360 

AAGGTGTTGAACTTGGTCAGAGGGGC^GAAACCTTTGACATTGCCCTGGTGACTTGTC 
KVLNLVRCAETFDIALVTCA 

120 
420 

7ACATTGCCATGTTCTATACACTGTTTAACCTCTTT 

YIAMFYTLFNLFARMRAVGS 

140 



[0 1 16] 



(21) WBBT 10-248575 

39 

490 

KVWLCC.STLVSSFFAFLFAL 

160' 
540 

TACATCACCACGAGOGTGTTGGATCTTTCAATTCC CTTC CTCTCTTTGTCTGAAGGCATT 
YITTRVLDLSIPFLSLSECI 

180 

600 

CCCrrTCTTTCTCGCAgrG O TT OG TTTCAAC^ 

PPPVAVVCFKMKILLACKVL 

200 

660 

aUUUTOUkCTCAACGCTCAATCATCQXAGAAC^ 

QNQLNAQSSKNDAPTVLTQA 

220 
720 

TTAAGQGAA^AA^GC CCATrGC'TCTTGCffro^ TT ATGATTACTGC ATTCTTG 
LREQGPLLLRDHLFMrTAFL 

240 
780 

GG A ' HjCIXL I T lU 'ACGCGTCGTACTTGGATQGACTGAAGAATTTCTGTATATTGGCAGCT 
CCSFYASYLDCL1C1IFCILAA 

260 
940 

CTCATCCTAGCATTCGATATACTCACCAC 

LILAFDILTTSTFLSAILSL 

280 
900 

AAOCTGGAAATTAACCLARATACACAGATCAACGTTGCTQAGAGAAC^ 
KLEINQIHRSTI.LREQLEDD 

3DD 
960 

QGCTTAACTGJULACCACAGTI^ATGATGTTCTCAAATC 

GLTETTVDDVLltStfSLAGTK 

320 
1020 

ACTTTCACAGATGCCCCATCTACTCTOOTAC^ 

TFTDAPSTLVTVAKVAGVSV 

340 
1080 

TTCTTTOGATTGCACTTTTATGGATTTCCATCTGCT 

FFGLHFYGFGSAWLSDLSAG 

360 
1140 

AATGAGACAAATGACACTTTCACCTTATACGATGCGGTCGCAGATXIAAATTCCTATTGGT 
NETNDTFTLYDAVADQIPIG 

380 



[0 117] 



(22) 10-248575 

4 1 

1200 

TCAAACGCTAll ITU* I l ACTTTATTCCCAACA lXilTlT ' l l^ LUJin'OAAAAACTATCC 
SNGTLVTLFPTRFFLPEKLS 

400' 
1260 

ACACAAATTGAAGCCI»1X»GT11 1ATCATTCATTCGTCTT ATTTCAACTGCTGCCCGTGAT 
TQ I E A V V L. S FIGLISTAARD 

42Q 



1320 

AAATACATCTCAAAATTCATTCTCTTTCCAT^ 

KYISKFILTAFAVSAS I N V Y 

440 

1380 

CTTTTQAACCTITGCCCGTATCCATACCACAAGAT^^ 

LLNVARIHTTRLEDAIELKK 
A 460 
' 1440 

CCAAWJAAOAAAOCTTCQAAQACAGCTGTCAGTtrr^^ 

PKKKASKTAVSVPKAVVVKD 

480 

1500 

TCAGAAACTACAAAATCCTCGGAAATCTTGCACTC^ 

SKTTKSSEILHSSSESESEQ 

500 
1560 

TCTTCACGTC CACTTCAACAAGTTATTGAinTATACAAGGATQaTAAAQCTAAGACCC^ 
SSRPL20VIELYKDGKVKTL 

520 
1620 

GTrGACGATGAAGTTGTATCCCTTGTTACTWrn^ 

YDDEVVSLVTAGKLPLYALE 

540 
1680 

AAACAXTTGGGTGATAACrrrGAJ3AJ3^Vl" 1\jCTATTCGTCGGAAAGCCATCTCT^TCTT 
KQLODNLRAVAIRRKAISDL 

560 
1740 

<^A<^TCCTCCAGTCTTCAGAAGCAATAAATTACCATACTTG^^ 
ADAPVLRSNKLPYLHVDYDR 

580 
1800 

GTATTTGGTGCATGTTTGTGAAAAIXTITATCQGTTA 

VFGACCENVIGYMPLPVGVA 

600 



[0 1 18] 



40 



(23) 1$ 10-248575 

43 

1350 

QGTCCATTGATT ATTGATGGCAAGCCGTACCATATTCCAATGGCAAC C ACAGAGGGTTGT 
GPLIIDGKPYBIPHATTECO 

620 
1920 

CTTCOTXXrrTCrCKrPATGCtrrGGTTGTAAAGCCA 

LVASABCSLQC K A INL.GGGVTT 

640 



1980 

CTITTGACTAAAGATCCTATGACGCGTW 

VLTKDGMTRGPCVKFPSLKR 

660 
2040 

CCAfiCTCAATCTAACCTATQtSTTGCftCT^^ 

AGQCKLWLDSDEGQEEMKKA 

€80 
2100 

TTCAACTCTACTTCCAGATTIGCCAG^CTCCAACATTTGCA 

FNSTSRrARLQKLQTALACD 

TOO 
2160 

TT^^GTICATTCGrriCAGAACCCTCA^ 

LLFTRFRTVTGDAMGKNMIS 

720 
2220 

AAAGGTCTTGAATATGCTCTTAAAC 

KGVEYALKQMTEVFGWDDMM 

740 
2230 

Ul 'UjlTll'lUl 1 fCTGGTAACTACTGTACCGATAAAAAACCAGCTGCTGTTAACTGGATC 
VVSVSGNYCTDKKPAAVtJWI 

7S0 
2340 

AATGGTOTTGGTAAAAGTGTTGTTGCC GAGGCTTCCAT AC CAAAGGATGCTGTGGTTAAA 
NGRGKSVVAEASIPKDAVVK 

780 
2400 

GTrTTGAAAAGTTCTGTTAAAGC'l'U'1'1 U T T GATGTTAATGTCAACAACAACriX^TCQGA 
VLKSSVKAVVDVNVNKNLIG 

800 
2460 

TCAGCTATGGCTGGTA b M :Xi':-I W I ^l 'I l r CA ATGCCCAAGCTGCTAATATGCTTACCGCA 
SAMA35VGGFNAQAANMVTA 

820 



[0 1 19] 



40 



(24) 1#SB¥ 10-248575 

4 5 4 6 

2520 

GTTTATTTGGCTTTGGGTCAAfiATCCAGCCCAAAACGTTGAATCT^ 
VYLALGQDPAQNVESSNC I T • 

840 
2580 

CT AATGACTGAAACGGAGGACGGAGATTTGAAAGTTTCTK7ITTC CATGC CATCTATTGAA 
LMTETEDGDLKVSVSMPSI E 

860 



2640 

GTCGGAACCATTQGTGGTGGT ACCATCTTGGAC C C ACAGGGATCCATGCTTGAACTTCTC 
VGTIGGGTILDPQGSMLELL 

880 
2700 

GGAGTACGTGGACCAGCTGATGTTCC AGGAGAAAATGC CCGTCAACTGGCTAAAATCGTT 
GVRGPADVPGENARQLAKIV 

900 
2760 

AS IVLSGELSLVSALAAGHL 

920 
2820 

GTGCAGAGTCATATGC AGC ACAACAGAGC CGCTGCTAAGAAAT AAGCATACGACTCACCA 
VQSHMQHNRAAAKK* 

934 



[02] ttft#ft««E™i ni a£ J: Vft^ifflSAgrobac 
terium aurantiacum^Dr J A F^tfuKr^O&tt 

[[13 ] ^of/^f Ft^J^ft^^&KfflV^PC 

[04 ] TyX = KpaEBI3-2<0fHBi£S:5rr. 
[05] 3 ixfccrt Eag^fiKEPJ fc 3 - F 

[06 ] ^ffi^n^crtEa&F^fiSEJiJfcn-F 

[07] * ftfccrtESfe? tf)tBSE*I i: 3 - F 

ZtihTSsmBM <«&> 

[08] s jhJtcrtBaewBaffi.*] t - f 

S^ts/SEWS**. 
[09 ] ££]£SftfccrtBafi^)S*E?»Ifc F 

[010] ^aswtrcrtBag^cottflHew t 
[011] ^jsstutcrtiae^^a^EWi: 

F$*i*7S/KE#IS*-f . 

[012] £^f££^crtI£fir^££E*»jh 3- 

F £ ix*T 5 /KEJH («*) iffit. 



* [013] ^«$il)tcrtiaffF60^E«lJfc3- 

[014] ^^sitfccrtiae^cofflafiEWfcn- 

30 FSft.£75>'«EM Sr*"t. 

[015] ^KSfl/ccrtYa&f ^SSE^Jt 3- 

FSix&rsyKE^JS:^. 

[016] ^«$^crtYae^F^fiKEWJfc3- 

FSftftrsyKEWJ (WLZ) iTfrf. 

[017] s ixfccrt ms^wm&mi 1 3 - 

FSfiiTSyMEfl <&#) S:*t. 

[018] S *lfccrtZ3i&?<0fflSE*fl ^ - 

F*ii*7$/«E*JfcSr*. 

[019] ^*SW^crtZ5Bfe^^)ffllE^]fc3- 
40 FSJlS 7 («#> SrST. 

[020] S flfccrt WfirF<«ttEfl 1 3 - 

FSJi47$yBE*]£*1\ 

[02 1 ] ^fiESiifccrtWjte^^JSSEWfcn- 

FSfi4T = yMEW («*) S:*1\ 
[022] ft^«L^#«DNA-fe^> FSrS-t. 
[023] Lfc#«DNA*20C y F fc^-f . 

[024] L)t*JlDNA-t^> > F Sr^t. 

[025] crtE»£^ fca6^PCRffl77 4 V 

50 [0 2 6 ] crtB££^^£OT^OPCRJf]7*7 4 ^ 



(25) 

47 

[02 7] crtiaeTC0^jK^^PCRfflr7>f-r [03 3] 

-SrSrf. [034] 

[02 8] crtlitfi^^tf^fc^COPCRfflr^-fV -r. 

-ts-r. [03 5] 

[02 9] crtYiSe^^St^fca^PCRfflr^-fV [03 6] 

-^^f„ [03 7] 

[03 0] crtYaerc^acO^cOPCRfflr^^V 79 9-** 

. [038] 

[031] crtzae^CTy&tf^ttcOPCRfflr^-f V 10 [039] 



[03 2] crtWite^CO^fiE^fcrtCOPCRfflr^^f V 
[01] 
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HpCRAL10EBIY-3^)^»a^^ 

FpCLEIZlC0f«[aS:*-r. 
7?xa HpaBWYKOffRSSr^-fEI. 
Saccharoiyuces cerevisiaeCOHMG-CoA 1/ 



[03] 



2HAD 
ATP-0 

ATP -J 



I ^ I 

ipp DMAPP GPP 



QQPP 



FPP 

♦ 



J lstPOl 



f 2ndPCR 



T 3rdPCR 



2C 



[028] 

I-5-2C 

OtTTCTtrrCAACTTTGGACXXTTCGAC^ 

1-6-1 

TTGGTTAaXACAGAATTTTrC^ 

GCTTAQATCItTTCAGATCAAAT^^ 

1-6-2 

CO O 1 1 I 1 OC 1 1 1 1 1 ILO T C CACCCACTTTTC ACPCAATCCC C 1 RjU I IA GACCACACAACACaCaCAACACCATCACC 
l-*-2C 

GATAACACCTtXXJATACCAGnACCTCCCTCACT 



(26) 
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im2] [04] 




[07] [039] 

TTG ttg GCT CCA AGA GCT GTC GAG GAG AGA TTG AGA CAA CAC TTG CAA Strrin Lycopene (%, /Dry ceB wlflhtT 

Leu Leu Gly Pro Arg Ala val Glu Glu Arg L«u Arg Gin His Leu Gln> 12-2 0.11 

0.45 

h-8 0.44 
h-17 O40 

B20 825 830 835 BAO B45 850 855 860 865 



TTG GCT TCC GAG CAC TTG TCC GCT GCT TGT CAA CAC GCT CAC OCT ACC 
Leu Alft Ser Glu Hi* L«u S«r Ala Ala Cys Gin His Gly Hi* Ala Thr> 

B70 875 880 885 890 895 900 905 910 915 

CAA CAC TTC ATC CAA GCC TGG TTC GAC AAG AAG TTG GCT GCT GTT TCT 
Gin His Phe lie Gin Al* Trp Phe Aap Lys Lys Leu Ala Ala Val S«r> 



920 925 



TAG TAG ATC TGG 



(27) tf BB¥ 10-248575 

25 30 35 40 45 50 



CCTCTJLGAT ATC ACCCTTrCTGCrAAGAAGCACGTTCACTTGACC AG*. SAC 
ttet Thx val Cys Ala Ly* Lyo Kis Val KLs Lau Tbr Arg A*p> 



15 



GCT OCT GAG CAA TTO TTG GCT GAC ATC GAC AGA AGA TTG CM CAA TTG 
Ala Ala Clu Gin Lau Lau Ala Asp Ila Asp Arg Ax? Lau Asp Gin. L«u> 



100 103 1X0 115 120 125 130 135 140 145 
* . * • * 

TTG OCA OTC OAO OCT GAG AGA GAC GTT CTT OCT CCT CCT ATC ACA CAC 
L*u Pro Val Glu Gly Glu Arg Asp Val Val Gly Ala Ala Mac Arg Glu> 



150 155 1«0 1«5 1*70 115 180 145 190 195 
t 

GOT CCT TTG OCT CCA CCT AAG AGA ATC ACA CCA ATC TTG TTG TTG TTG 
Gly Ala Lau Ala Pro Oly Ly* Arg Ila Arg Pro Mac Lau Lau Lau Lew 



2Q0 205 210 215 220 225 230 235 240 
• * • * * 

ACT CCT AGA GAC CTT CGT TGT OCT GTC TCC CAC GAC GGT TTG TTG GAT 

Thr Ala Arg Asp L«u Cly Cy» Ala Val S«r Hi* A*p Gly Lau Lau Aap> 



245 250 255 260 255 370 275 280 285 250 

TTG GCT TGT CCT GTT GAG ATS CTT CAC CCT OCT TCC TTO ATC TTG QAC 
I*u Ala Cys Ala Val Clu Mat Val Kis Ala Ala S*r Lau I la Leu Asr> 



295 300 305 310 315 320 325 330 335 
» * * * 

GAT ATC CCA TGT ATC GAC GAC OCT AAG TTO AGA AGA GGT AGA CCA ACC 

Asp Mac Pro Cyi Mac Asp Asp Ala Lys Lau Arg Arg Gly Arg pro Thr> 



340 345 350 355 360 365 370 37S 380 3AS 
* • • * * 

ATC CAC TCT CAC TAC GGT CAC CAC GTC GCT ATC TTG CCT GCT GTT GCT 
Ila His S«r His Tyr Gly Clu Kis Val Ala Ila Lau Ala Ala Val Ala> 



(28) tfHW 10-248575 



[H6] 

390 393 400 403 410 413 420 423 430 433 
• * ♦ • • 

TIC TTC TCP AAG OCT TTC OCT GTT XTC OCT GAT OCT GAC OCT TTC ACC 
Lou Lau Sar Lya Aim »ha Cly V*l II • Ala Asp Ala Asp Cly Lau Thr> 

440 445 450 455 460 465 410 475 4B0 

* * • • • 

CCA TTO OCT AAO AAC AO* OCT CTC TCC GAG CTC TCT AAC GOT ATC OCT 

Pro Lau Ala Lya Atti Arg Ala val s«r olu Lau sar ash Ala II • ciy> 

4tS 490 49S 500 505 510 515 520 525 530 

* • * * • 

ATO CAA COT TTO GTT CAA OCT CAA TTC AAC CAC TTC TCC CAC OCT CAT 
Kat Oln Oly Leu Val Gla Gly GLn Pha Lya Aap Lau fiar Glu Cly Aap> 

535 340 343 330 333 940 363 570 373 
* * ♦ • 

AAG CCA AOA TCC OCT OA0) OCT ATC TTO ATC ACT AAC CAC TTC AAQ ACC 
Lya Pro JLrg Sar Ala Clu Ala XL* Lau Hat Tbr. Asn Kxs the Lya Thr> 

510 505 590 595 COO (05 410 SIS S20 625 

TCC ACC TTC TTC TOT OCT TCC ATO CAA ATO OCT TCC ATC GTT OCT AAC 
Sax Thr Lau Pha Cya Ala s«r Hat Oln Hat Ala 3«r Xla v*l Ala Asn> 

630 533 540 645 650 655 660 665 670 673 
« « * * * 

OCT TCC TCT GAS OCT AGA CAC TOT TTG CAC ASA TTC TCT TTC GAT TTC 
Ala Sar Bar Clu Ala Arg Aap Cya Lau His Arg* Pk« Sar Lau Aap Lau> 

680 60S 690 693 70O 70S 710 713 720 

• • ♦ • » 

OOT CAA OCT TTC CAA TTC TTC CAT CAC TTC ACC CAT OCT ATC ACC CAC 
Gly Gin Ala Fhe GLn Leu Lau Asp Aap Lau Thr Asp Oly Mat Thr Aap* 

723 730 735 740 745 750 755 760 765 770 

• » * • • 

ACT OCT AAG CAC TCT AAC CAA GAT OCT GET AAG TCC ACT TTG OTP AAC 
Tbx Cly Lya Aap Sar Asn oln Aap Ala Oly Lya Sar Thr Lau val Aaa> 

773 780 783 790 795 800 805 410 815 



(29) 
[08] 
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5 10 15 20 25 30 35 40 45 50 . 

» * * • 

AATCTACAA ATS AAC AAC CCA TCC TTG TTC AAC CAC OCT GTT OAO ACC ATG 
Mt Jin Am m Sv liu Uu Kit Xli Val Clu Thr M»t> 



(5 



GCT GTT OCT TCC AAC TCT TTC OCT ACC OCT TCC AAC TTC TTC GAC OCT 
Ai* V*L Oly &ar Lya Sar Ph* Ala Thx Ala 8«r Ly» Lau Pb* Aap Ala> 



100 105 110 113 120 125 139 US l«u i«a 

AAC ACT AGA MSA TCC OTC TTO ATG TTC TAC OCT TOO TCP ACA CAC TCT 
lyi Thr Arg Ary Sar Val Lau Mac Lau Tyx Ala Trp Cy» Ary Kls Cys> 



130 135 160 165 no 179 liO 145 190 195 

CAC CAT GTT ATC OAC CAC CAA ACC TTC OCT TTC CAA OCT ACA CAA CCA 
Kxp Asp Val Ila Asp Asp Gin Thr Lau Cly Pna Gin Ala Axg Ola Ho 



280 203 210 215 220 225 230 235 240 

OCT TTC CAA ACT CCA OAO CAA ACA TTC ATG CAA TTC GAC ATC AAC ACT 
Ala Lau Gla Thr Pro Clu Oln Arg Lau Hat Gin Lau Clu Mat Lys Thr> 



24S 250 235 260 265 270 273 280 213 290 
* • * • * 

AOA CAA GCC TAC GCT OCT TCC CAA ATG CAC GAG CCA GCT TTC GCT OCT 

Arg GLn Ala Tyx Ala Cly Sar Gin Mat Hi a Clu Pro Ala Pha Ala Ala> 



295 300 303 310 313 320 325 330 335 
• . * 

TTC CAA G*G GTT OCT ATC OCT CAC OAT ATC OCT CCA GCT TAC OCT TTC 

Vha Gin clu Val Ala Mac Ala His Asp Ila Ala Pro Ala Tyr Ala Pfao 



340 343 330 35S 3«0 3«5 J70 375 380 385 
* • 
OAT CAC TO GAG GCT TTC CCT ATC CAC CTC AGA GAC GCT CAA TAC TCC 
Asp His Lau Clu Gly Phe Ala Mac Asp val Arg Glu Ala oln Tyr sar> 



(30) 
l®9) 
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390 395 400 405 410 41S 420 425 430 433 

• * ♦ 

CAA TTG CAC GAC ACC TTC ACA TAC TOT TAC CAC CTT OCT GGT CTC CTT 

Gin Lau Aap Aap Thr b*u Arg Tyr Cya Tyr Hi* Val XI* Gly Val Val> 



440 4<5 420 453 460 *S3 410 473 *80 

» • • * * 

OCT TTG ATC ATC OCT CAA ATC ATG GOT GTC AOA OAT AAC OCT ACC TTG 

Cly t*u. Hat Mat Ala Ola Xla H»t Gly Val Arg A»p Ajn Ala Thr Lmi* 



4 83 4»0 493 500 505 510 515 520 525 530 

CAC AGA OCT TOT OAC TTO GOT TTQ OCT TTC CAA TTG ACT AAC ATC CCT 
Asp Arg XI* Cy« Aap L«u Gly l*u Ala Pha Gin bmi Thr Aan ila Ala> 



535 340 545 5S0 555 560 565 570 375 
, ■ * • 

AGA GAC ATC CTT CAC CAC OCT CAC CCT CCT AGA TOT TAC TTG CCA CCT 

Arg Asp lie Val A*p Asp Al* His Ala Gly at? cy» Tyr Lau Pro Ala> 



AO 5*5 390 595 600 605 610 615 620 S23 
• * * • • 

TCC TGC TTG GAC CAC GAG GCT TTG AAC AAO GAG AAC TAC OCT GCT CCA 
Sar Trp L*tt Glu Hi* Olu Gly L«u Asa Lys CI* Asn Tyr Ala Ala sro> 



S30 635 640 643 830 «33 5 60 663 67 0 673 
* • 

GAG AAC AGA CAA CCT TTG TCC AGA ATC GCT AGA AGA TTG CTT CAA OAO 
Glu Am Arg Gin Ala Lau far Arg II* Ala Arg Arg La-u Val Gin Glu* 



700 705 



GCT GAG CCA TAC TAC TTG TCC GCT ACC CCT OCT TTG GCT GCT TTG CCA 
Ala slu Pro Tyr Tyr Lau S«r Ala Thr Ala Gly L«u Ala Gly L*u rro> 



72S 730 735 74fl 745 
TTQ ACA TCC CCT TCC GCT ATC CCT 

Lau Arg S*r Ala Tip Ala Xla Ala 



750 75S 760 765 770 

ACC CCT AAG CAA CTC TAC AGA AAC 
Thr Ala Ly» Oln Val Tyr Arg Uy*> 



775 780 785 790 795 800 803 810 113 



(31) 
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[HI 0] 

ATC GOT CTT AAG GTT GAG CAA OCT GGT CAA CAA GCC TGG GAC CAA AGA 
lit Gly val Lys val clu Gin Ala Gly Gin Gin Ala Trp Asp Gin Arg> 



B20 825 830 835 840 845 350 855 860 *65 
• * • * * 

CAA TCT ACT ACC ACC CCA GAG AAG TTG ACT TTG TTG TTG GCT GCT TCC 

Gin Car Thx Thr Thx Pro Glu Ly* L*u Thr Lau Lau L«u Ala Ala Ser> 



870 875 880 885 890 R95 900 905 910 915 

• * * * * 

GGT CAA GCC TTG ACC TCC AGA ATG AGA GCT CAC CCA CCA AGA CCA GCT 

Gly Gin Ala Leu Thr Ser Arg Mat Arg Ala His Pro Pro Arg Pro Ala> 



920 925 950 935 940 945 



CAC TTG TGG CAA AGA CCA TTG TAG CAC ATC TAA 
His Leu Trp Gin Arg Pro Leu *•• 



[019] 



390 39S 400 405 410 415 420 425 430 435 



AGA GAC CAC TCT GTT TCT TTC GGT TTC ATC TAC GCT CCA CCA GTT GAT 
Arg Asp HLa Cys Val Ser Pbe Gly Pha Ila Tyr Ala Pro Pro Val Asp> 



440 445 450 455 460 465 470 475 480 
• * • * * 

AAG TTG AAG CAA CAC TTG AAG ATG TCC GGT GTC TTG AGA GCT GAG GCT 

Lys Leu Lys Gin Asp Leu Lys Met Ser Gly Val Leu Arg Ala Glu Ala> 



485 490 495 

CAA GAG AGA ACC 
Gin Clu Arg Thr 



500 505 
TAG TAG ATC TGG 



(32) 
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[011] 

3 10 13 20 23 30 35 40 45 50 
« * • 

AATCtACAT ATC AAG CCA ACC ACT GTT ATC GGT OCT CCT TTC OCT OCT TTG 
Mat Lya Pro Thr Thr v*l lie Oly Ala Cly Pfae Cly Cly t^u> 



CCT TTC CCT ATC AGA TTC CAA CCT CCT GGT ATC CCA GTC TTC TTO TTC 
Al» Leu Al* Xle Arg Leu Gin Ala Ala Gly Il« Pro Val Leu Leu Lau> 



100 103 110 IIS 120 125 130 13S 140 143 
, • < * • 

CXC CAA AOA OAC AAO CCA GGT GGT AGA CCT TAC CTT TAC GAG GAC CAA 
Clu Gin Arg Asp Ly» Pro Oly Gly Arg Ala Tyr val Tyr Clu Aap Gln> 



150 



155 1«0 1«5 170 175 1»0 185 190 195 



OGT TTC ACC TTC GAT CCT OCT CCX ACC GTC ATC ACT GAC CCA TCC CCT 
Gly Ph« Thr Ffce A*p Ala Cly Pro Thr val He Thr Aap rro Ser Al*> 



200 203 210 215 220 225 230 235 240 

* * • 

ATC GAG GAG TTC TTC CCT TTG CCT OCT AAO CAA TTG AAG GAC TAC CTT 

11* Olu Gin Leu Phe Al* Leu Ale Oly Ly» Gin Leu Lye Clu Tyr V*l> 



245 250 235 240 263 270 273 280 285 250 
* * • • 

GAG CTCTTGCCAGTCACCCCATTCTACACA TTO TOT T30 OAO TCC OGT 
Glu Leu Leu Pro V*l Thr Pro Phe Tyr Arg Uu Cys Trp Clu S«r Cly> 



295 300 303 310 315 320 325 330 335 

AAG GTC TTC AAC TAC GAC AAC GAT CAA ACT AGA TTC GAG OCT CAA ATC 
Lye V*l Phe A*n Tyr Asp Asn A*p Gin Thr Arg Leu clu Ala oln lle> 



340 34S 350 355 3*0 3«3 370 375 380 385 
* * * 

CAA CAA TTC AAC CCA AGA CAC CTC GAG GGT TAC AGA CAA TTC TTG GAC 
Gin Cla Phe Ain Pro Arg Aap Val Clu Cly Tyr Arg 9 In Phe Lev A*p» 



(33) 
[012] 
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390 395 400 405 410 413 420 425 430 435 

TAC TCC AOA OCT CTT TTC AAG GAG GOT TAC TTC AAC TTG OCT ACT CTT . 
xyr far Arg Ala Val Thm Ly» Olu Oly Tyr L«u Ly» L*u Cly Thr V*l> 



CCA TTC TTC TCT TTC ASA GAT ATG TTO AO* GCT OCT CCA CAA TTG GCT 
rro Ph* Lau fi«r Ph* Arg Asp M*t L*u Arg AU Al* Pro CLn Lau Al*> 



485 490 493 300 503 S10 515 520 525 530 

AAG TTG CAA OCC TOO AOA TCC OTA TAC TCC AAG CTT CCT TCC TAC ATC 
I»y* L*u Cln Al* Trp Arg S«r v*l Tyr S«r Ly» v*l Ala s*r Tyr ll*> 



533 340 



550 5S5 



GAO OAC GAG CAC TTC AAA CAA GCC TTC TCC TTC CAC TCT TTG TTC CTC 
Olu Asp Glu His Leu Arg Gin Al* Wi* Smz Tb.m Hi* Ser Lam Lau Val* 



90 585 590 395 <0Q S05 610 615 620 625 

GOT CCT AAC CCA TTC CCT ACC TCC TCC ATC TAC ACC TTG ATC CAC GCT 
Gly Oly Asn Pro Phe Ala Thr S«r S*r Ha Tyx Thr L*u Il» Hit Al*> 



630 635 640 643 650 633 660 663 «70 675 
* 

TTG GAG AOA GAO TGC GCT GTT TOG TTC CCA ACA GOT GOT ACT OCT OCT 
L*u Olu Arg Glu Trp Cly v»l Trp Ph* Pro Arg Cly Gly Thr Gly Ala> 



680 683 690 693 700 705 710 715 720 
„ • • w " 

TTG CTC CAA GOT ATG ATC AAO CTT TTC CAA SAC TTC GCT CCT GAO GTT 
L»u Val Gin Gly Met XI* Lyi L«u Phe Gin Asp L«u Gly Gly olu val> 



725 730 735 740 745 
GTC TTG AAC CCT AOA CTT TCT CAC 

V*i Uu Asa Al* Arg v*l s*r (lis 



730 755 760 765 770 

ATC CAC ACC ACT OCT AAC AAG ATC 
Met Glu Thr Thr Gly Am Ly» lit* 



775 780 785 790 795 800 805 810 115 



( 34 ) 
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CAC OCT CTC CAC TTC CAO OAT OCT AOA AGA TTC TTC ACC CAA OCT CTT 
Clu A La VI Ki> b*u Olu A*p Oly Arg Arg Pha Lau Thr Cln Al* Val> 

820 823 130 835 840 845 850 833 840 865 
* • • • * 

GCT TCC AAC CCT GAT CTC GTT CAC ACC TAC AOA GAC TTG TTG TCC CAA 
Ala Smx turn A3* A*p Vol val uim Thr Tyr Arg Asp Leu Leu Sar Gln> 



870 873 880 >85 890 895 900 90S 910 113 

• • * 

CAC CCA OCT OCT CTC AXO CAA TCC AAC AAO TTC CAA ACT AAC ACA ATC 

His Pro Ala Ala Vol Lys GOa Sar A«n Lyi Uu Gin Thr tya Arg Hao 



920 935 930 935 940 945 950 955 960 

TCT AAC TCC TTC TTC CTT TTG TAC TTC CCT TTC AAC CAC CAC CAC GAT 
Ser Asn ser Lau Pbe 7*1 Uu Tyi K» Qly l«u Aaa His His His A*p> 



965 970 975 980 985 
• ► 

CAA TTG GCT CAC CAC ACC CTC TCT 
Qln Leu Ala His His Thr Val Cya 



990 993 1000 1005 1010 

TTC CCT CCA AOA TAC AOA GAG CTC 
Pb* Cly Pro Arg Tyr Arg Clu L*u> 



101S L020 1025 1030 1035 1040 1045 1050 1055 
• » * * 

ATC GAC GAG ATT TTC AAC CAC CAC CCT TTG CCT GAG CAC TTC TCC TTG 
XI* a*j> Clu xla Pha Asn Hi* Amp Cly Lau Ala Gla Asp Ph» Ser L*u> 



1060 1065 1070 1075 1080 1015 1090 109S 1100 110S 

TAC TTC CAC OCT CCA TGT GTT ACC GAT TCC TCT TTC CCT CCA CAC CCT 
Tyr Lau His Ala Pro Cya Val Thr Asp Ser S«r Lou Ala Pro Clu Gly> 



1110 1115 1120 112S 1130 1135 1140 1145 1150 1155 

TCTCCTTCCTACTACC^TTCCCTCCACTr^ CCT 
cys Gly Sar Tyr Tyr val Lau Ala Pro Val Pro Hi* Lau Oly Thr Ala> 



1140 IKS 1170 117$ 1180 1185 1190 1195 1300 

* * ♦ 

AAC TTC CAC TCC ACT CTC CAC GGT CCA AAC TTG ACA GAC ACA ATC TTC 

Am Lou A*p Trp Thr Val Olu Cly Pro Cya Lou Arg A*p Arg Xla Pha> 



(35) 
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1205 1210 1215 1220 1225 1230 1235 1240 1245 1250 

GCT TAC TTG GAG CAA CAC TAC ATO CCA GGT TTG AGA TCC CAA TTG <3TT 
Ala Tyr Leu Glu Gin His Tyr Met Pro Gly Leu Arg Ser Gin Leu Val> 

1255 1260 1265 1270 1275 12B0 1285 1290 1295 
• # » * 

ACC CAC AGA ATG TTC ACC CCA TTC GAT ITC AGA GAC CAA TTG AAC GCT 
Thr His Arg Met Phe Thr Pro Phe Asp Phe Arg Asp Gin Leu Asn Ala> 

1300 1305 1310 1315 1320 1325 1330 1335 1340 1345 
* ♦ * * * 

TAC CAC GGT TCT GCT TTC TCC CTC CAC CCA CTT TTC ACT CAA TCC GCT 
Tyx His Gly Ser Ala Phe Ser Val Glu Pro Val Leu Thr Gin Ser Ala> 

1350 1355 1360 1365 1370 1375 1380 1385 1390 1395 

* T # * # 

TGG TTC AGA CCA CAC AAC AGA GAC AAC ACC ATC ACC AAC TTG TAC TTG 
Trp Phe Arg Pro His Aan Arg Asp Lys Thr lie Thr Asn Leu Tyr L«u> 

1400 1405 1410 1415 1420 1425 1430 1435 1440 
* * * * * 

GTC GGT GCT GGT ACT CAC CCA GCT CCT GCT ATC CCA GGT CTT ATC GGT 

Val Gly Ala Giy Thr His Pro Gly Ala Gly He Pro Gly Val lie Gly> 

1445 1450 1455 1460 1465 1470 1475 1430 1485 1490 
» * * * * 

TCC GCT AAG GCT ACT GCT GGT TTG ATG TTG GAG GAT TTG ATC TGA CAG 
Ser Ala Lys Al* Thr Ala Gly Leu Met Lou Glu Asp Leu lie *** > 



1435 
ATC TAA 

> 



(36) 
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5 10 15 

AATCTACAT ATG CAA CCA 
»Ut CLd Vro 



20 25 30 

CAC TAC GAC TTC ATC 
Hi* Tyr Aap Lau XLa 



35 40 45 50 
• * 

TTG CTT OCT GCT OCT TTC 
Lau Val Gly Ala Cly L*u> 



OCT AAC GCT TTC ATC GCT TTC AGA TTC CAA CAA CAA CAA CCA GAC A TO 
Ala Aan Cly Lau rla Ala Lau Arg Lav Cln Cln Gin CLn Pro Asp 



AGA ATC TTC TTC ATC CAC GCT OCT CCA CAA CCT OCT CCT AAC CAC ACC 
Arc Ha Lau Leu £1« Asp Ala Ala Pro Ola Ala Gly sly Aan Hi* Thr> 



150 155 ISO 1« 170 175 IIS 185 190 195 

• . * * • * 

TOG TCC TTC CAC CAC GAC CAC TTC ACC GAC TCC CAA CAC AGA TCC ATC 

Trp 3«r Ph« His Hla Asp Aap L*u Thr Glu Sar Gin Hi* Arg Trp Zle> 



200 



GCT CCA TTC CTT GTC CAC CAC TOG CCA GAC TAC CAA CTT AGA TTC CCA 
Al* Pro Lau Val Val Hia Kii Trp Pro Aap Tyr Cln Val Arg Paa Pr©> 



245 230 233 2«0 263 

ACT AGA AGA AGA AAG CTT AAC TCC 
Thr Arg Arg Arg Lya Lau Aan Sar 



270 273 280 283 230 
• * « 

OCT TAC TTC TGT ATC ACC TCT CAA 

Cly Tyr Pha Cya Ila Thr Sar Cln> 



AGA TTC GCT GAC CTT TTC CAA AGA CAA TTC OCT CCA CAC TTC TCC ATG 
Arg Pha Ala Glu Val Lau Cln Arg Gin Pha Gly Pro Hia Lau Trp Kao 



340 345 



350 



370 375 



385 



CAT ACC CCT CTT GCT CAC GTC AAC CCT GAG TCC CTT AGA TTG AAC AAC 
Aap Thr Ala Val Ala Glu Val Aan Ma Glu 5er Val Arg Leu Lys Lya> 



(37) 
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390 395 400 405 4L0 415 420 425 430 435 

OCT CAA OTP ATC OCT GCT ACA CCT CTC ATC GAC OCT AO OCT TAC GCT 
Gly Qla val XI* Oly Al* Arg Al* Val I La Amp Gly Arg Gly Tyr Al*> 



440 445 420 433 460 463 470 473 480 



OCT AAC TCC OCT TTO TCT GTT OGT TTC CAA GCC TTC ATC OCT CAA GAG 
Al* Aan Sar Al* Lau Sar val Gly ?h* Gin Ala Pha II* Gly Clu Glu> 



483 4>0 495 500 505 
# * 

TOG ASA TTO TCC CAC CCA CAC GGT 
Trp Arg Lau Sar HiJ Pro Ris Gly 



510 SIS 520 S2S 530 
* • * 

TTC TCC TCC CCA ATC ATC ATC CAC 

Leu sar Ser Pro II « Ila Mat Asp> 



S40 



CCT ACT CTC CAC CAA CAA AAC OGT TAC AOA TTC GTT TAC TCC TTO CCA 
Ala Thr Val Asp Gin Ola Ass Oly Tyr Arg rhe val Tyx Sex hmM Fro* 



TTC TCC CCA ACC AGA TTG TTC ATC GAG GAC ACC CAC TAC ATC GAC AAC 
Leu Ser Pro The Ax? L«u Leu XI* Clu Asp Thx His Tyr XI* Asp Asn> 



£30 635 640 643 650 635 SS0 665 670 673 

* • » • • 

OCT ACT TTG GAC CCA GAG rCT GCT AGA CAA AAC ATC TOT GAC TAC CCT 

Ala Thr Lau Asp Pro Clu Cys Ala Arg Gin Asa 1 1« Cy« A«p Tyr Ala> 



680 685 690 693 70 0 70S 710 713 729 
. * * ♦ * 

GCT CAA CAA GGT TOO CAA CTC CAA ACT TTC CTC AGA GAG GAG CAA GCT 
Ala Gin Gin Gly Trp Gin L-eu Gin Thr Leu L*u Aro Glu Clu Gin Cly> 



725 730 735 740 743 

CCT TTC CCA ATC ACT TTG TCT CCT 
Al* Leu Pro XI • Tor can Sar Gly 



710 755 760 765 770 

AAC CCT CAC CCT TTC TCC CAA CAA 
Asa Ala Asp Ala Pha Trp Gla Gliv 



773 780 785 790 795 800 805 810 815 



(38) 
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AGA CCA TTG GCT TOT TCC CCT TTC AGA CCT GCT TTG TTC CAC CCA ACT 
fcrg Pro Lm Ala Cy» i*x Oly Lau Arg Ala Gly Lau Pha Hi* Pro Thr* 



620 825 



82a 



835 840 



ACC OCT TAC TCC TTC CCA TTC CCT GTT GCT GTC CCT GAT AGA TTG TCC 
Thr Cly Tyr 8ar L*u Pro Lau Al* Val Ala Val Ala Aap Arg Laa Sax> 



870 875 880 885 890 895 900 905 910 915 

CCC TTG GAC GTT TTC ACC TCC OCT TCT ATC CAC CAC OCT ATC ACC CAC 

Al* Lau Acp Val Ptvt Thr Sar Ala Ser He His sis Ala Ila Thr Kia> 



920 925 930 935 940 945 950 955 960 
TTC GCT AGA GAG AGA TOG CAA CAA CAA GCT TTC TTC AGA ATC TTC AAC 

Fbtt Ala Xrg Clu AT7 TTp Gin Gin Gin Gly Pha Ph« Ary M«t Lau. A»a> 



9£5 970 975 980 985 990 995 1000 1005 1010 
* • • » » 

AGA ATC TTG TTC TTG CCT OCT CCA GCT GAC TCC AGA TOG AGA GTT ATC 
Axy Mat Lau Pha L«u Ala Oly Pro Ala Aap Ser Arg Trp Arg Val M*t> 



1015 1020 1025 1030 1035 1040 1045 1050 1033 
* • • • 

CAA AGA TTC TAC GGT TTG CCA GAG GAC TTG ATC OCT AGA TTC TAC OCT 
Gin Arg Ph« Tyr Cly Lau Pro Clu Aap L*u II* Al* Arfl Pha Tyr Ala> 



5C 10«5 1070 1075 1080 1085 1090 109S 1100 1105 
• » * * • 

GOT AAG TTG ACC TTG ACT CAC AGA TTG AOA ATC TTQ TCC OCT AAC CCA 

Cly Lyi Lau Thr Leu Thr Aap Arg Lau Ars Ha Lau Sar Gly Lys ?ro> 



1110 1113 1120 1125 1130 
CCA GTC CCA GTT TTC CCT CCT TTC 

Pro Val Pro val Lau Ala Ala Lau 



1135 1140 1145 1150 1155 

CAA CCT ATC ATC ACT ACC CAC AGA 
GUx Ala II* Mat Thr Thr Kij Arg> 



1160 1165 
TAA TAG ATC TOG 
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3 10 15 

GGTCTXSAT ATG ACC AAC 
Met Thr Aan 



20 25 30 

TTC TTG ATC GTT CTC 
Vbm Leu II* Val Val 



35 40 43 50 

OCT ACC CTT TTC CTT ATG 
Ala Thr Val L«u Val Mie> 



<3 



GAO TTC ACT OCT TAC TCC GTC CAC ACA TOG ATC ATG CAC CGT CCA TTG 
Clu Leu Thr Ala Tyr Ser Val Hi* JLrg Trp rla m*c Kit Cly Pro Leu> 



CCT TCC CCT TCC CAC AAC TCC CAC CAC CAC CAC CAC CAC CAC OCT TTC 
Cly Trp Gly Trp Hli tya Ser His Hli du clu His Asp Hie Ala l*u> 



LS0 155 160 IfiS 170 175 180 195 190 195 
• • • * » 

CAC AAC AAC CAC TTC TAC CGT TTC GTT TTC GCT GTT ATC GCT ACC CTC 

Glu Ly* An Asp Leu Tyr Qly Leu val Foe Ala val He Ala Thr v»l> 



200 205 210 215 220 225 230 235 240 



TTO TTC ACC CTT OCT TOG ATC TOO CCT CCA CTT TTC TOG TGO ATC CCT 
Leu Pha Thr val Cly Trp Ila Trp Ala 9ro v&l Leu Trp Trp Ila Ala* 



243 230 233 2(0 283 270 273 280 283 290 

TTC CGT ATG ACT CTC TAC CGT TTG ATC TAC TTC CTT TTG CAC CAT GCT 
L«u Cly Hat Thr Val Tyr Cly Leu Ila Tyr Pha Val Leu Hi* Asp Cly> 



295 



33S 



TTC CTC CAC CAA ACA TCC CCA TTC AGA TAC ATC CCA ASA AAC CCT TAC 
Leu Val His Gin Arg Trp Pro Phe Arc Tyr Ila »ro Are Lys Cly Tyr> 



CCT ACA ACA TTC TAC CAA CCT CAC ACA TTC CAC CAC CCT CTC CAC CCT 
Ala Arg Arg Leu Tyr Gin Ala His Aru Leu His His Ala Vol Glu Cly> 



(40) 
[020] 



10-248575 



CGTCTAGAT ATO TCC OCT CAC OCT TO CCA AAC OCT CAC TTG ACT CCT ACC 
H*t J*r Ala Ki* AX* L*u Pre Ly» Al* A»p L*u Thr Ala Thj-v 



55 SO 



TCC TTG ATC CTC TCC OCT CCT ATC ATC OCT CCT TOO TTO OCT TTG CAC 
fiar L«u lit Val Car Cly Cly II* 11* Al* Al* Trp L*u Ala L«u Hi«> 



100 103 110 115 110 125 130 135 140 145 



OTP CAC OCT TTO TOO TTC TTC CAC CCT OCT CCT CAC CCA ATC TTO OCT 
Val His Ala Lw Trp fhi L*u Asp AI« Alt Al* Hit Pro 11* L«u Al*> 



ISO 1S5 1(0 1«5 170 175 1»Q 185 190 195 

• ■ * * * 

ATC CCT AAC TTC TTC GOT TTC ACC TCC TTC TCT CTC CCT TTG TTC ATC 

XI* Ala aso Pfc* Leu Cly L«u Thr Trp L«u s«r v*l OLy t»*u Km Il*» 



200 205 210 215 220 225 230 235 210 
• • * * • 

ATC CCT CAC CAC GCT ATG CAC CCT TCC GTT CTC CCA GOT ACA CCA AGA 
II* Ala Hi* Asp Al* H«t Hi* Oly S*T V*l Val Pro Cly Ara ?ro Axg> 

245 250 255 2«C 263 270 275 283 283 2*0 

CCT AAC OCT CCT ATC OCT CAA TTO OTT TTG TGG TTG TAC CCT GOT TTC 
Ala Asa Ala Ala H*C Cly Gin L«u V*l D*u Trp Lau Tyr Al* Cly Pho> 

2*3 300 305 310 315 320 325 330 335 
• • » » 

TCT TOO ACA AAC ATO ATC OTT AAG CAC ATG OCT CAC CAC ACA CAC CCT 

S*r Trp Arc Lyi Mac II* val Lys His Met Ala Ms His Arg His Ala> 

340 343 JS0 355 360 365 370 375 380 385 
OCT ACT CAT CAC CAC CCA GAT TTC CAC CAC GOT CCT CCA GTT AGA TOG 

Gly Thr Asp A*p Asp Pro Asp fh» Asp Ms Gly Cly Pro Val Ary trp> 
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290 395 400 409 410 413 420 423 430 435 
m • • * • 

TAC OCT AGA TTC ATC OCT ACT TAC TTC GCT TCC AGA GAG GOT TTG TTG 
Tyr Ala Arg Pti* II* Oly Thr Tyr Pha Cly Trp Ax? Clu Cly L«u L»u> 



440 



TTC CCA OTC ATC OTT ACC GTT TAC OCT TTG ATC TTG CCT GAC AGA TGG 
L«u Pro V«_L ll» val Thr Val Tyr Ala 1m ll« L«u Cly hap Arp; Trp> 



483 4*0 4*3 500 505 

ATG TAC OTT OTC TTC TOO CCA TTG 
Mac Tyr Val Val rh« Trp Pro Leu 



310 515 320 525 330 

CCA TCC ATC TTC CCT TCT ATC CAA 
Fro S«r Il« V*u Aid ser rle Gln> 



TTC TPC CTT TTC CCT ACC TCC TTC CCA CAC AGA CCA GOT CAC GAC GCT 
L*u pm Val Pho Cly Tbr Trp t«u Pro Kli Arg Fro aly Hi* Aap aXa> 



310 3SS 390 S9S 600 60S 610 615 620 625 
* - • * * 

TTC CCA CAC AGA CAC AAC OCT AGA TCC TCC AGA ATC TCT CAT CCA GTT 
fh« Pro Asp Ary Kii A*n Al« Arg S«r Smr krg XI* Bar A«p pro V*l> 



630 63 5 640 645 430 433 660 665 670 673 

« • * ♦ * 

TCC TTG TTG ACC TCT TTC CAC TTC COT GOT TAC CAC CAC GAG CAC CAC 
Ser Lmi L*a Thr Cy» ?h* His Pb« Cly Cly Tyr His Hii Clu Hi* His> 



TTG CAC CCA ACT OTC CCA TGG TOG AGA TTG CCA TCC ACC AGA ACC AAG 

L*u Ki« Pro Thr val Pro Trp Trp Arg L«u Pro S«r TUr Aro THr Ly*> 



725 730 735 
GOT CAC ACC GCT 

Gly Asp Thr Ala 



740 7*3 
TAG TAC ATC TCC 
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[022] 

E-l 

CXTTCTAGATATGAOOCTTTCT 
CAjOAAGATTCGATCAAI 1 0 1 1 OCCACTTCCaGGCTGAGAG AGAOjTIU IT CXnTXTTCXTTATDAGAGAXXjO I OC 1 1 IOGCTCCA 
CGTAAGACAATCACACCAAlUi 1L.1 1UI IOaCTCCTAGAGALU IIjCAA 

E-2 

tcgacgatatcccatctatogaogac^ 
CTATumxxnxxriaiTGcnTCTrcTCT 
agagctctctccoagctcaa 

£-3 

AAC ACCrcrCTAAOOCTATOOGTATCCAAGO" I'l l \JJ 1 ' I IJAAGGTCAATTCAAGCAL" I L Xj 1 LX-G ACCGTGATAACCXAAC A 
TCCGCTG AGGCTA 1 1" 1 iGATGACTAACCACTTCAAGAJCCniXACCl IOI ILIUIOCI I Lt^TCCAAATCCXTTTCCATCGTTG 
CTAACG Cl lH-lllO AOOCrAGACAj HOl i lO CACAC Al 1UOI 1 1U GATTTGGCTCAAGCTTAA 

E-i 

CCAACCTTTtXAATTCrrrcCATCACr^ 
OCA CJ I I ' llXJI I AACnUTTGGGTCCAAOAOCTOTOOAlGOAO^OATro 

CGCTGCTTGTXAACACCGTC^ 1 1 10" I I ACT AC 

ATCTCC 

B.l 

AATCTAGAAATGAACAACCCA I t JLTlOl tU AACCACG l ' 10. ' 1 IO AGACCATGG I ' IO ' 1 lOUl ' lU CAA Ol L'l 1 1UJUACCGC 
TTCCAA Ol 1 0 T* T CGAQGCTAAG ACT AO AAG ATCCO J L 1 1 UATt7TTGTACC<-' 1 100 10 I AG ACACTCTGACGATGTTATXX AC 
GACCAAAOCnTiGGTnCCAAGCTAGACAACCAG^ 

AGACAACCCTACaClUJl lUXAAATGCACCAGCCAOJI I lUX'lUU I ICCAAGAGCTTGCTATCarrCAXXJATATCAA 
B-2 

AAGATAT03CTCCACOTACCCTTTCG 
QACQACA OJ II U AOATA C 1U I ' 1 'AOCA UU 1 I O C I 00 ' 10 ICO U 0 0 U l l^ TGATGGCTCAAATCATCGGTCTCACAGATAACG 
CT ACCTTOG ACAG AGCTTGTG ACTTGGOl I lOGCI I [IXAATTG ACTAA CATCOCTAGAG ACATCGTTG ACG ACGCTCACGC 
TTXTTAGATCTTACITGCCAGCTTCC^ 
AOCTTAA 

B-3 

TTAAG C ' l I [OlU> GAATCGCTAGAAGATTCGTTT>AGA^ tOGCTG 
GTTTtX:CATTGAGATCCGCrrTXX}CTATCOT 

TGACCTCCAGAATCaCAGCTOvCCCACCAAGaCCaG^ 
I- 1 

TTAATCTAGATATCAAOXAACC^CT^ 
GTATOXAO"l 0 1 1U11UI 1 GXjAGCAAAGAGACAAGCCAGGTCGTAGAGCTT AjCGTTTaCGAGGACCAAGO 1 1 1 LACL 1 1 OG 
ATGCnXTTXAACCCTCATCACTGAOXATC^ 
TGAGCTTTT 

U2 

TTGAG CMTJl IO CCAGTCACCCCATTCTACACA I 10 10 1 1 O GGAGTCXGCTAA<XntnTXAACrACG ACAACG ATCAAACT 
A GATTCOACKjCTCAAATCCAA CaaTTCAACXXAACaGaCGTTGACCGTTACAG ACAA I IL'M OCaCTACTCCaG AGCTGTT 
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IH23] 

TTOjax^cccrrxcncAAGMiuuL;] auiutiulauitiu ilh i LAOAGATATcrrruAG AjcxrrocrccACAATroocrAA 

CmXLkACCCKXlACATCCCTATACTT 
1-3 

CTAAOCCATTOGCTACCTOCTCCATCTACACCTrcA 
TA l ' I Vb IOL 1 1 lUG I LLA AGGTATGATCXAGCnOG 

1-4 

OCAACLl l 11ULAAGACITGGGTDGTQAGU1 IUU IOAACGCTAGAG1 1 ILil^CATOGAGACCACTOCJTAACAAGATC 
GAGGCIGTCCACTTCGAGGATCGTAGAAGA 1 ll_ 1 1UACCCAAGL 1G 1 It^I 1 UCAACCCIGA 1U IUj 1 1 UkCACCTACAGA 
CACTTCTTXJTCCCAACACXX>OCTDCTCTG 
TCrrACrnXXTTTTGAACCACCACCAOQATCA^ 

1-5 

TTGAGCIO^TCGAOOAGATTTTCAAOCAOGAOG O 1 1 1UUL 1 U AGGA U 111111101 A CTTGCACGCTOCATGTCTTACC 
CATTCCTCTTTCCCTOCACACCCTT^^ 
GACTOTOTAGCGTCXIAAAGTTGAGAGACaGAATCTTC^ 
OGTTACCTT 

t-6 

TTGGTTAJCCCACAGAATGTTCACC^ 

cccAGrrncAcn>ATcaxTitxmt>^ 

TACTCACC^CKjItXTPCCTATCOCAOCr^^ 
CAGATCTAACO 

Y-1 

AATCrACATATGCAACCACACTAGOACITG A 11. 1 lliU 1 1 Uti 1 IA. I IX rrrrDGCrAACOGTTTGATCDCTrrGAQATTCCAA 
CAACAACAACCAGACATGAGAATCTTtTT^ 
CACGACntSAC0GAGTO0CAACACAGATXX3AT0CCT 
ACrAGAAGAAGAAAGCrTGG 

Y-2 

CXjAAGCTTAACTTrGGTTACmTOrATCA 
TGGATGG ATALXJJC'l U 1 1 OC I OAGGTCAACCCITiAGTCCGTTAGATTG AACAACGGTCAAGTTA J LGO I IX I ACAGCTGTCA 
TCG ACGCTAGAGGTrACCCTCCTAAC I LXXJC' 1 1 IUUU 1UW 1 1 IXAAGCCTTCATOGGTXIAAG AGTXXJ AGATTCTTOCCZA 
CCCACACGO 1 UO 1 L CrCCCCAATCATCATOQAOGCTACTGTCOACAA 

Y-3 

AAGTOGAOCAACAAAAQQGTTACAGATrcGTTrACrCCTJG 
CTACATOGACAAOXTACITTGGACCCAGAG 
CCAAACirrOCTCAGAGAGGACZ^AGGTOCTnGCCA^ 

ATTGGCTIGTTCCO0TTT0AGAGC llAil 1 1G1 1 LLACOCAACrACCCCTTACTCCTrGCCATTGGL 1U 1 OU 0 1 LGCTCATA 
GATTCTOOOOCTTGCTT 

Y-* 

TTt^TTGGAJccrrTrnzACxrr^ 

TCTTt>GAATtnTCAACAOAATGTTGTim 
GCCAGAGOACTTGATOGCTAGATTUTACGCIGCTAACTTCA 

AGTCCCA U 1111 UjL HA. l l 1 O CAAGCTATCATCACTACCCACAGATAATAGATCTGO 
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[0243 

z-i 

CCTOACATATGAOCAAOTCTTCA IXXl I IOILOCTACUjI 1 1 I0GI IATCOACTTCACiiX.1 lACU^un-X-ACACATCG 
ATT>TGCACOOTCCATIGtjC^ 

GTACO U M 1 00 H 1 l O O UU 1 IAT0CCTACLUI I TI U I I LA C C01 100 1 IU jATCTOCXX^OCAC. I [ 1 10 1 00 10GATCGCTTT 
0CC7TATCACTCTCTAO0G 

Z-2 

CCGTCTACGCnTC ATCTA C I HO 1 1 1 lO CACGATG O ' t 1 1 OO 1 LLA CCAAAG ATGGCCATTCAGATACaTCCCAAGAAAG 
CCTTACOCTAGAAGATTCTACCAAGCTCACAGATTCCACCaC^ 
TUrACOCTCCAa^CTTCATAAGTTGAACCA^ 
AGTAGATCTCG 

W-l 

GGTCTACATATtTTCCGCTTZACGCTTTGCCAA^ 
TOTIGCTTGGCTnOCAOC^TCACG Cl 1 10IOOI ILI 1 O GAOCCrt-iL' IXjC I CACiXAATCTTGGCr aTCCCTAAu i m iuC 
GTTTGACCTC o 1 HjtOlUlUJUl 1 1UI 1 O ^TCATtXSCTCACGACGCrATGCACCGTnXXrnxr 
TCGGC 

W-2 

CGOCAAGCTTCGGTAC A£CAAGAGCT AACGCTOCT ATTXXTTCAA' r I <UCj- [ 1 1 llilOO I lOlACOCTGOl i iviui lOGAGA 

aagatgatcgttaagcacatggctcaccacagacacgctcot 

AGATGGTACOCTAOATTCATCOOTACTrAt,l'lCX j C 1 rOCACACAGG O 1 T 1 G TT G TTCCGAGTCATCGTTACC GTrrACGCTT T 
GATCTTIXiGTCACAGATCGATGTA Gj J I CT G GCCATIOCrATO^TCITOCS^^ J i u-uGTA 

CCGCT 

W-3 

cctcctacctcctto:cacacagaccaggt^ 

ATCCAGTTTCCnGTIGACCTUrrrcCACTTCGG^ 
ATTCCCATCCACCAliAACCAAGGGTCACACCGCTTAGTAGATC^ 



[H303 

Y-4-IC 

CCAGATCTATTATCTGTGGGTAGTX>TCAT^ 
TCAATCTCTCA 

caacaag ou 101 lu ^e^tgttgaacagaa'i oi lo'l'it] i ool 1 i x rcca gctc actccagatcgagagttatccaaag 
attctaogctttc 

Y-4-2C 

GACAAGATTCTCAATCTGTCAGTaOXGGTCAAOT^ 
A'lUl 1 10CATAAC 
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[025] 

GOTCTAGATATCA UUU \UU l U TAACAACCA CJU 1 1 tA CTTCACCAGACACCC I C L 1 C AGCAA 1101 1U 3CTGAC 
£-1 -F2 

CCCTCCTCACCAATTCTTCCCTCACATC^ 

E-1-RI 

TTCCAAGO 1L 1C 1 AGCAOTCAACAACAACAACATTGCKTGATTX^ 
E-1-R2 

ACCTtXJAGOCAAAGCAOCCTCTCTt>TACCACX>CC^ 
E-2-F1 

AALLl IL^il IblLiLlXjIL'nXl-ACCAOCXjl HOI ILGATTTGGC I 1 LAG ATOGTTCACGC I LCI ILL I ILATCT 
TGGACG 
E-2-F2 

CTTCACCCIXXrrrCCTTGATCTO 

CTCTCAA 
E-2-R1 

TTGAGCTCGQAGACAOL'IL'J U 1 ' I L' I ' L AGCCAATCXXXTTCAAACCOTCA GCATC>i GCGAT AACXO!X>AAACCCTTAC ACA 
ACAAAGCAA 

E-2-R2 

acaoooaaa<jCCTTa<]acaagsaaocaacaocaoccaaoataocgacg^ 
ctacctc 

E3-FI 

AAGAGCTXTICrAAOCXrrATCOCrrAT0CAA0<jITT^ 

E-3-K2 

AGGACTTCTTCCGACCCTlt^TAACOCAAGATCCCX^ 
E-3-R1 

TTAAGCTTti^CCCAAATCCAAAGAGAATCl CI GCAAACAGTCTCTaGCCTCAGACG AAGCCTTACCAACC ATGGAAG 
E-3-R3 

agaggaagcgttagcaacgatccaacccattttxiat^ 

E-4-F1 

<X}AAGCTTTCCAArit7nCGATC^ 
CCA 
E-4-P2 

CTCTAACC^AGATGCTOTAAGTCrACT^ 

T 

E-4-R1 

(XAGATCTAC7 AAGAAACAGOU30>AL i 1CI1L, lULA ACCAGCCrTGGATGAAG' 1 tj 1 1 UCGTAGCGTGACCG i U 1 UG A 
CAA 
E-4-R2 

TTGGGTACCCTG ACCL 1 L 1 1 L AOUIGCACEC^ACaaGTCCTOS^^ II I I HC 1LA AT CTCTCCTCGA 
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[026] 

B-Ul 

AATCTAG AAATGAACAAOCC A 1 CL ' 1 HJt I b AACCACGCTUTTCAGACCATGG C I d UUJI ' l C CAACTCnTCOCT^CCGC 

ttccaa o i io i ico acoc 

B-l-IR 

TOATATCCIt^QCCATAGCX^ 
AGIL1 lUATCTDCAATTC 

b-i-: 

GCTTCCAAGTTtTTTCG ACGCTAAG ACT AC AAGATQZCTTrTTGATCTTCTACGC 1 ItXJ JIj I AGACACTCTCACGATCTTATC 
GAOCACCAAALUl TG 

B-I-2R 

CTAGTCTTCaTUICCAATTGCATCAAILI I IIjLILIIXjACTTTXXIAAACC'IIXjI i Li I LI AGCTTCiG AAA CCCAAGGTTTGG 

tcgtcgataacatcg 

B-M 

AAG ATATCGCTCCAGCTTACOL' 1 IWOjATCACITCGAGCOI 1 iCljCTATOGACXTTCAGAGAGOCTCAATACTCCCAATTG 
GACXiACAOCrTGAGATACr 
B-2-IR 

TTAAG O IIj IL lb I ILtLlU CAGCAGCGTA Ol IU1 1 LAAACCCTCGTGCrCX^^CAGGAAG^^ 

atctaccaccctcaocctc 

B-2-2 

GGACGACACCTTCAGATACTGTTACCAUj I IUUUO'IUIUjI IUOU 1 UATC ATT3GCTCAAATCATGCXj t U I UaGAGaTA 
ACCCTACCTTGGACAOAGC 
B-2-2R 

CA TTT ACCAGCGTGAGCU I LU i CAACOA I U I C 1 C 1 A GCGATCriTAGTCAATTGG AAAGX!CAAACCCAAGTCACAAOCTC 
TGTCCAAGGTAGCGTTATCT 
B-3-1 

TTAAG O 1 1 U I CCAGAATCGCT AG AAG A 1 1 GO J 1 LAACLACGCTCAGCCATACrACntTTT^ 11,0 11 IliGCTG 

GTTTGCCATTCaGATOCG 
B-l-IR 

TT AG ATXTGCTACAATCCTCrrTG<XACAAGTCAGC^ 

cccaaccagccaacaaca 

B-3-2 

TCKHTTG<XATrXjAGATtXGCrrGO 
CTCCTCAACAAGCCTG 
B-3-2R 

ACCGGAAGCAGCCAAC\ACAAA£TrCAAL 1 1 U C I OG^XTTGOTAGTAG ATTGTCTTTGGTCCCAGCK.' 1 kj H GACCAGCTT 
GCTCAACCTTAACACC 



[031] 

z-i-n 

GGTCTAGATATGAOCAA Cl lU ' L I G ATC CTl \U I U XTA UX IT 1 1 UO ' n A TCCAGTTCACTCCTTACTOOCnfCCACACATCC 
ATCATGCACGGTCC 
Z-1-F2 

TCCACACATGGATCATCCAOCGTCCATTTXGTT^^ 
Z-l-Rl 

CCCTAGACACTT^TACCCAAAGCGATOCAC^^ 
ATAACACCGAAAACCAA 
Z-1-R2 

CGCrAGCGATAACAGCGAAAACCAAACaTTACAAGTOLTI 1 C" I (J UJCAAAOCG IUO ICG lLrClt_LlULjl GGTGOGACT 
Z-2-F1 

CCGTCT ACGGTTTGATCT AC 1 1 IXJ 1 1 1 l^>CGATG<j"n ILiCICCACCAAAGATGGCC^ 
GCTTACGCTAGAAOA 
Z-2-F2 

aXAAGAAAGGGTTACCCTAGAAGATTGTA^ 
Z-2-M 

CCAGATCTAjCTAGXjnUlL'1 I 1 1 U AG<XTICAOCTCTCAAGACACCGGACATCTTCAA<j H UOCI llAACTTATCAACTG 
GTGGAJGCGTAGATGA 
Z-2-R2 

TTATCAACTOGTCXjAGCCTAGATOAA 
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[027] 

it -i 

tt aatct agatatgaagccaa cCAcnrrr ATtxxjrccncG i j ilLtCtcci i itxx. i 1 1 gcctatcacattocaacctcctg 

c 

M-tC 

AAGAGCTOkACCTACTCCTTCAATTGCT^^ 
TTC 
1-1-2 

TCAGATTCCAACCTOCTCCTATrCCAG I L I 11, 1 I W llAjACCAAAGAGACAAGCCACOIOJrACAGCTTACCTTT 
M-2C 

GGGTCAGTGATOACCGTTCCA(XAGCATCC 

1-2-1 

TOAanrnTxacAcraccccA^ 

AGATTC 
1-2-lC 

AAGTATACGCATCTO^GGCTTCC^^ 
CACTAOC 
[-2-2 

CGaCAACGaTCAAACTACATTCGAGCC^ 

cact 

I-2-2C 

AAJGACAACAATCCAACACTACCCAACnO^^ 
ACCC 

1-3-1 

TTCTATAiCTCCAAC Ci 11UJ U CCTACATCGAGG ACGAGCACTTGAGACAAGCXJ 1 ' 1 I 1 IU 1 1 ICACTC 
1-3-lC 

CCAAGCTTCATt^TACCTTGGACCA/^ 

1-3-2 

CAAG O- 'l'l C 'l U. '] l lCA Ul 'l 1 lO 1 Iti O 1C£» G TC GTAACCCATTCGCTACCTOCTTCCATCTACA 
I-3-2C 

C AACCAAACAGCCCA L ' l l,' 1 U 1 LT G CAAAOGCTrGG ATCAACCTGTAC ATGGACG AGGTAGCCAAT 
1-4-1 

CCAACCTTTTCCAAGAJCTTaXritXI^ 
GaGGCTTTTCCaCTTGGAG 

A^CAGCTCTCTGTATCmXjAOOGAAACA^ 1 OO 1 ICAAAOCGaAGTACA 

AAACGAACAAGGAGTTACA 
1-4-2 

ATOQAQOCTGTCCACTTGOAGG AT0<7TAOaAG ATTCTTC ACCCAAC CTCTTCCTTCCAACGCTG ATCTCCTTCaCACCTA 
CAGAGACTIOTTGTCCC 

1-4-2C 

CAAAACOAACAAGGACTrAGACATTCTCTrAjC^ 
ACTOCTCTAGGTCTCA 

I-5-l 

TTGACCTCATOACGAGATnTCAAC 
GA 

1-5-IC 

AAGCTAACCAATTCGCATCTCAAACCTCGCATCTA Ci 1 Li 1 laiK CAACTAAGC&AAGA'nUU;!^ 

CT 

1-5-2 

TGCACCCTOCATCTCTTACCGATnX^ 
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[029] 

r l-i 

AATCTACATATOCAAOCACAJCTACC ACTTC A 1 I I lOOl lUOIO U OO l 1 1 U CCTAACGGTnGATTXXXrPGACATTTXZA 
Y-l-lC 

ccaxcctttcttcttciactttcgaatctaa 

y-i-2 

TTCATCCCTTTCACATTCCAACAACAACAACCAC ACATGAGAA 1 L 1 101 1 GATCGAOGCTCCTCCaCAAGC I US RyCTAA 



Y-L2C 

AATCXI AGCCATCCA U VIO ' 1171 ' 1TX JGACTCCK7TCAAC>' I XJJl VJ [IXJ IX/GAAGGACCAGGTCTOCTTACCACXiAC C ' 1 10 I C G 

A 

Y-2-1 

GOAACKrTTAACTCCOGTTALl 1UO I ATCAOlTt I'IJAAAGATTCXjCTCAGO 1111 GCAAAG ACAATTTXGTCCACACTTG 
TCGATCGATAC 

Y-2-1 C 

TTGTCGACAGTAGOGTCCATGATGATTCXXX^ AGC 
CITCCAAACCAA 

Y-2-2 

CCACACTICTGGATCGATACCGCTC^^ 
TAGAOCT 

Y-2-2C 

GATOAACOCTTOOAAACCAACAGACAAAOCGCAGTTAGCAjCXnrA^ 
AACTTGACC 

Y-M 

AAGTCG ACCAACAAAACGGTTACAG A 1 lULil 1 1 ALJLCI I LCCATTGTCCXXAACCAG ATTUTTCATCC AGG ACACCCA 
CTACATCG ACAACGCTACnT 

Y-3-1C 

aaccaacgccgajcaatctatcagcgacagcaacago^ 

TCTCAAACCCC AACAACCCAAT 

Y-3-2 

TACATCGACAACGCTACTTTGGACtXACAGTCrTCCT^ 
TCCAAACTTTGCTCAGAOAGG 

Y3-2C 

TCAAACCCGAACAAGCCAATGOCTnXTrcCCAG 
CTt!!CTCrCTGAGCAAAGTTTG 

Y-4-1 

1 ILL! I O CA Oj 1 1 1 IL ACCTCCG C T T U ATCCACCACG CTATCACCGACTTCGCTAGAG AG AG ATGGCAACAACAAGGTT 
TCTTCAGAATG 
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[032] 

Fl-l 

TTATCAACroCTOCAGOCTACATCAAACroAAACA>ACACAGItjG" IL'IL'IACCOtXlACAG^IUtiltXAATCTO 
Fl-2 

GTCTCCGCrrGCTATCA J Lb<_ 1 OO 100 L lUCLl 1 1 OCACCTTCACGU 1 10 100 1 1U lOGACCCrGCIOClOACCCAATC 
TTCC 
F21 

OGCCAAGCTTCCCTAC ACCAACAOCTAACGCrXXTTATOGOTCAA I !0<JI I I lUIliUl 101 ACGC100I 1 IL1C1 I 
P2-2 

1 1 0 1O0 1 ICrACGCTC Ol 1 IL1U 1 O CAC AAXGATCATCGTTAAOCACATCX/CTCA^ 
F2-3 

ACCACAGACACGCTGCTACTGATT^^ 

T 

n-i 

CCTGGTACCICGTiaXACACAGAn^ 

F3-2 

CACAGACACAACOCTAOATCCrCCAXlS AlUlClO ATCCA U 1 1 1UJI 10 nO ACCTGTrTOCACl lOXi lOO t I AC 
Rl.l 

cx^ccaagcttccctctaoct^ 

AGOTCAA 
Rl-2 

ACAAACCCACACACAACOWXTrCAAACCCAAGAAGTTA^ 
ACAAAGC 
R2-1 

ATCCCTACCOAAAAaSAAC^TTCGAT^^ 

R2-2 

TTCTCKjTTCrrAOQC TtMJ M ' 1 L" IL' 1 1 UOA.Q AAAGATO ATCGTTAAGCACATO0CTCACCACA0 ACACGCTOCTACrQATO A 
R2-3 

GATGACTXXCAACAACAAACCCTCTCTOC>W 

T 

R3-1 

(XCAGATCTACTAAaXXTTCT^ 
R3-2 

ATUITrCACCATGGGACAGTTXXX7rTX>A£j 1 00 1 OC 1 00 10O 1 OGTAACCACOG AAGTCGAAACAGCTCAACAAGG 
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1 60 
MPPLFKGLKQMWCPIAYVSRFSAKRPIHIILFSLirSAFAYLSVrQYYFNGWQLDSNSVF 

120 

ETAPNKDSNTLFQECSHYYRDSSLDGWVSITAHEASELPAPHH^^ 

180 

PEIJUtfTVFEraNTKYILQEDLSVSKEISST 

240 

NVTQADPFDVLI MVT AYLMMFYT I FGLFNtftlRKTGSNFWLSASTWNSASSLFLALYVTQ 

300 

CILGKEVSALTLFEGLPFIWWGFKHKIKIAQYALEKFERVGLSKRITTDEIVFESVSE 

360 

EGGRLIQDHLLCIFAFIGCSMYAHQLKTLTNFCTLSAFILIFELILT PTFYSAILALRLE 

420 

^n/XimSTIIKQTLEEIXiWPSTARIISX^^ 

480 

FYNFGANWVNDAFNSLYFDK.E^VSLPDFITSNASENFKEQAIVSVTPLLYYKPIKSYQRI 

540 

EDMVLLLLRNVSVAI RDRFVSKLVLSALVCSAVI WYXI^AARI HTS YTADQLVKTEVTK 

600 

KSFTAPVQKASTPVLTNKTVISGSKVKSLSSAQSSSSGPSSSSEEDDSRDIESLDKKrRP 

660 

LEELEALLSSGOTKQLKNKEVAALVIHGKLPLYALEKKL^ 

720 

VLA SDRLP YKNYDYDRVF GACCENVIGYMPL P VGVI G P L V I DGTS YH I PMATT EGCL VAS 

780 

AMRGCKAINAGGGATTVLTKDGMTRGPWRF PTLKRSGACKIWLDSEEGQNAIKXAFNST 

840 

SRFARLQHIQTCLAGDLLFMRFRTTTGDAMGMNMISKGVEYSLKQWVEEYGWEDMEWSV 

900 

SGNYCTDKKPAAINWIEGRGKSVVAEATIPGDVVRXVLKSDVSALVEi^IAKNLVGSAMA 

960 

GSVGGFNAHAANLVTAVFLALGQDPAQNVES SNCITLMKEVDGDLRISVSMPSI EVGT IG 

1020 

GGTVXEP(^AKLDLLGVRGPKATAPGTNAJ^QIJVRIV 

1054 

MTHNRKP AE PTKPNNL DATD I NRLKDGSVTC IKS 
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